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FOREWORD 


This  Workgroup  Summary  Report  was  prepared  by  ICAIR,  Life  Systems,  Inc.,  under 
USA  CERL  Contract  No.  DACA  88-88D-0018.  The  USA  CERL  Technical  Contact  was 
Dr.  Ed  Smith.  The  NCEL  Technical  Contacts  were  Dr.  D.  6.  Chan  and  Mr.  Ron 
Hoeppel.  Dr.  Roy  Reuter  managed  this  Delivery  Order,  facilitated  the 
Workgroup  and  prepared  the  Summary  Report. 
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DISCLAIMER 


This  document  has  not  been  peer  and  administratively  reviewed  within  USA  CERL 
or  NCEL.  Its  use/distribution  is  at  the  discretion  of  USA  CERL  and  NCEL.  The 
recommendations  of  the  Workgroup  and  the  presentations  made  at  the  Workgroup 
by  participants  represent  their  views  and  not  necessarily  the  official 
positions  of  their  organizations,  USA  CERL  or  NCEL. 
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1.0  INTRODUCTION 

This  report  summarizes  the  recommendations  of  a  Workgroup  held  February  21-23, 
1989  to  examine  biotechnology  applicability  (unique  or  highly  significant)  to 
the  military  environment  with  particular  emphasis  on  the  military's  hazardous 
waste  problems.  The  Workgroup  was  planned  and  organized  by  ICAIR  (Interdisci¬ 
plinary  Consulting  and  Information  Research) ,  Life  Systems,  Inc.  (ICAIR)  for 
the  U.S.  Army  Construction  Engineering  Laboratory  (CERL)  and  the  Naval  Civil 
Engineering  Laboratory  (NCEL) .  This  work  was  performed  under  CERL's 
Indefinite  Delivery  Order  Contract  for  Research  Support  in  the  Areas  of  Water 
Quality  Management  Support.  Administrative  details  for  this  assignment  are: 

1.  Delivery  Order  Title:  Conduct  a  Biotechnology  Workgroup  for 
Department  of  Defense  (DOD)  Soil  and  Troundwater  Decontamination 
Application. 

2.  CERL  Technical  Contact:  Dr.  Ed  Smith. 

3.  NCEL  Technical  Contacts:  Dr.  D.  B.  Chan  and  Mr.  Ron  Hoeppel. 

4.  Meeting  Location:  Hyatt  Regency  Monterey,  Monterey,  CA. 

5.  Workgroup  Agenda:  The  Workgroup  Agenda  is  provided  at  Appendix  1. 

6.  Participants:  The  list  of  Workgroup  Participants  is  provided  at 
Appendix  2. 

7.  Presentations:  Copies  of  viewgraph's  and/or  presentation  text  or 
outlines  are  provided  at  Appendix  3  as  provided  by  the  presenters. 
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Military  operations  generate  significant  amounts  of  hazardous  wastes.  In 
fact.  Army  installations  alone  annually  generate  more  than  one-half  million 
tons  of  hazardous  wastes  just  in  the  United  States.  For  example,  some  of  the 
Army's  activities  that  ultimately  produce  hazardous  wastes  are  industrial  and 
manufacturing  operations  to  produce,  repair  and  dispose  of  military  equipment 
and  weapons  systems,  production,  testing  and  disposal  of  munitions,  research 
and  development  of  new  equipment,  military  training,  and  medical  support  for 
the  soldier.  Collectively  these  activities  result  in  a  wide  array  of 
contaminated  sludges,  solvents,  toxins,  acids,  bases  and  heavy  metal  wastes. 
Tables  1-1  and  1-2  list  typical  hazardous  waste  generating  activities  and 
types  of  wastes,  respectively. 


The  Improper  disposal  activities  associated  with  these  wastes  in  the  past  has 
lead  to  instances  of  soil,  air,  and  surface /groundwater  contamination  at 
numerous  DOD  installations,  llie  pollution  Incidents  have  resulted  because 
many  of  the  generated  wastes  are/were  deposited  at  authorized  or  unauthorized 
landfill  sites  (on  or  off  base),  placed  in  storage  areas  awaiting  disposal,  or 
occurred  as  a  result  of  spills,  leaks  or  demilitarization.  This  situation 
requires  a  remedial  action  program/management /technology  equivalent  to  and  in 
parallel  with  the  Environmental  Protection  Agency  (EPA)  Superfund  activities. 
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TABLE  1-1  TYPICAL  ARMY  HAZARDOUS  WASTE  GENERATING  ACTIVITIES 

_ Process,  Operation  or  Condition _ 

Electroplating 
Paint  Stripping,  Solvents 
Paint  Stripping,  Plastic  Beads 
Painting 

Cleaning/Degreasing 

Vehicle  Maintenance 

Electrical  Maintenance 

Metalworking 

Fueling  Operations 

Battet7  Shop  Operations 

Munitions  Demilitarization 

Load,  Assembly  and  Pack  Operations 

Industrial  Wastewater  Treatment  Sludges 

Other  Treatment-Generated  Hazardous  Wastes 

Other  Operations  and  Processes 


e 


Jjfe  Systems,  he 


TABLE  1-2 

HAZARDOUS  WASTES  BY 

TYPE 

Type 

Number 

Characteristic  of  Type 

Determination 

Representative  Examples 

1 

Ignitable 

EPA  DOOl  by  test 

Paint  thinner, 
miscellaneous  solvents 

2 

Corrosive 

EPA  D002  by  test 

Acidic  and  alkaline 
solutions 

3 

Reactive 

EPA  D003  by  test 

Munitions  demil, 
oxidizers 

4 

Toxic 

EPA  D004-017  by 

EP  Toxicity  Test 

Electroplating  waste, 
sewage,  sludges 

5 

Non-specific 

EPA  F  list 

Paint  and  waste  sludges, 
other  solvents 

6 

Specific 

EPA  K  list 

Spent  carbon,  explosive 
scrap 

•  7 

Acute  Hazardous 

EPA  P  list 

Pesticides,  rodentlcldes 

8 

Toxic 

EPA  U  list 

Benzene,  peroxide 
formaldehyde 

9 

Used  Oils 

DESR  Report 

Petroleum  and  other  used 
lubricants 

10 

Unclassified 

— 

PCB's,  miscellaneous 
wastes 
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The  DOD  has  programs  to  address  the  compliance  requirements  for  proper 
disposal,  management  and  operation  of  hazardous  vaste  facilities.  The  DOD 
environmental  programs  address  many  aspects  of  the  hazardous  waste  management 
problems  which  include: 

1.  Identification  and  evaluation  or  the  past  hazardous  material  storage 
and  disposal  practices  and  sites. 

2.  Minimization  of  hazardous  waste  generation. 

3.  Monitoring  and  control  of  contaminant  migration. 

4.  Decontamination  by  treatment  and  detoxification. 

A  wide  range  of  technologies  and  strategies  exists  for  managing  and  treating 
hazardous  wastes.  The  major  functions  addressed  by  existing  techniques  are: 

1.  Volume  reduction 

2.  Component  separation 

3.  Detoxification 

4.  Destruction 

5.  Storage 

6.  Material  recovery 

Since  no  single  process  performs  every  funcLion,  several  different  processes 
are  employed  for  adequate  treatment.  Selection  of  appropriate  techniques 
depends  on  the  type  of  waste,  physlcal/chemical/bicloglc '.1  characteristics, 
volume,  economics  of  treatment  method  and  government  regulations. 

One  process  which  is  especially  promisi.ig  (based  upon  theory  and  actual  field 
experience)  is  biotechnology.  The  Office  of  Technology  Assessment  defines 
biotechnology  as  "Any  technique  that  uses  living  organisms  (or  parts  thereof) 
to  make  or  modify  products,  to  improve  plants  or  animals,  or  to  develop 
microorganisms  for  specific  uses."  Biotechnology  has  been  employed  In  the 
pharmaceutical  and  fermentation  industries  for  many  years.  Application  of  the 
principles  of  biotechnology  require  a  thorough  understanding  of  the  metabolic 
pathways  the  biota  used  to  transform  feedstock  to  product,  and  the  environ¬ 
mental  support  conditions  which  optimize  the  transformation  rate. 

If  the  "feedstock"  is  a  hazardous  waste  and  the  products  are  inert /non-toxic 
materials,  then  biotechnology  can  be  of  great  benefit  to  society.  Whereas 
biological  systems  have  been  employed  in  waste  treatment  in  the  past,  these 
applications  have  lacked  the  sophistication  require  to  define  and  understand 
the  metabolic  pathways  and  environmental  conditions  needed  to  optimize  the 
system. 

Recently,  the  success  of  genetic  engineering  has  driven  other  researchers  to 
take  a  biotechnology  approach  to  waste  treatment.  This  has  been  particularly 
true  in  the  oil-spill  cleanup  business.  One  difficulty  lies  In  determining 
the  effectiveness  of  the  biotechnology  approach. 
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Within  the  past  15  years,  biodegradability  studies  have  been  conducted  on  a 
wide  variety  of  organic  wastes  including  phenols,  chlorinated  hydrocarbons  and 
cyanide  compounds.  The  observed  biodegradability  of  compounds  previously 
believed  to  be  resistant  to  biodegradation  suggests  that  biological  treatment 
techniques  are,  in  fact,  viable  methods  of  hazardous  waste  treatment. 

Recent  studies  of  subsurface  microbial  activity  have  shown  that  biological 
processes  are  important  determinants  of  the  fate  and  transport  of  organic 
contaminants  in  the  subsurface  environment.  Interest  in  utilizing  natural 
biological  processes  to  eliminate  or  treat  hazardous  wastes  has  resulted  in 
accelerated  research  efforts  in  the  field  of  subsurface  microbiology. 

Furthermore,  recent  developments  in  molecular  biology  and  chemistry  made  it 
possible  to  manipulate  and  use  microorganisms,  enzymes,  and  genetic  material 
in  a  variety  of  fields  such  as  medicine,  agriculture  and  pharmacology.  This 
technology  can  be  developed  and  applied  to  solve  a  number  of  the  DOD's 
environmental  problems.  These  include: 

1.  The  use  of  biochemical  sensors  to  determine  environmental  stress  in 
organisms. 

2.  In-sltu  or  cn-situ  detoxlf Ication/blodecontamination  of  pollutants 
and  hazardous  materials  in  soils  and  waste  streams. 

3.  Removal  and  recovery  of  metals  in  waste  streams  with 
metallothioneins  which  are  metal  binding  proteins. 

It  is  claimed  that  biodegradation  is  a  cost-effective  treatment  technique 
which  reduces  Initial  capital  expenditures,  minimizes  site  disruption  in  the 
event  of  spills  and  decreases  hauling  and  associated  disposal  expenses.  In 
addition,  the  need  for  new  disposal  facilities  and  associated  siting  problems 
may  be  reduced. 

The  Army  consists  of  several  Major  Commands  (MACOM's)  located  worldwide,  with 
different  responsibilities,  that  contribute  to  the  diversity  of  the  hazardous 
wastes  generated.  Similar  activities  within  these  MACOM's  generate  similar 
hazardous' wastes.  However,  only  three  of  the  MACOM's  generate  the  majority  of 
the  hazardous  wastes;  namely,  the  U.S.  Army  Material  Command  (AMC) ,  the  U.S. 
Army  Forces  Command  (FORSCOM),  and  the  U.S.  Army  Training  and  Doctrine  Command 
(TRADOC) .  In  the  United  States  alone,  the  hazardous  waste  generators  within 
these  MACOM's  consist  of  108  active  Army  Installations.  More  specifically, 
because  of  AMC's  industrial  mission  to  support  the  soldier  in  the  active  Army, 
the  Army  Reserve  and  the  National  Guard,  AMC  contributes  almost  90  percent  of 
the  hazardous  wastes  generated  lu  the  Army. 

A  recent  questionnaire  of  all  Army  major  commands  and  installations  produced 
important  information  on  hazardous  waste  generation,  treatment,  recycling/ 
reuse /resell,  disposal,  costs  of  such  and  waste  minimization  actions.  For 
those  installations  responding,  the  inquiry  revealed  on  a  world-wide  basis 
that  the  Army  generated  approximately  200,000  metric  tons  of  waste  material, 
excluding  Industrial  wastewaters  and  sludges,  during  the  three  calendar  years 
1985  through  1987.  The  hazardous  wastes  produced  cover  a  broad  spectrum  of 
substances  including  waste  solvents,  fuels,  pesticide  residues,  battery  acids 
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as  well  as  industrial  and  wastewater  sludges.  In  particular,  the  hazardous 
wastes  of  concern  include  (but  are  not  limited  to)  acids,  asbestos,  caustics, 
cyanide,  heavy  metals,  non-volatile  and  volatile  organics,  ordnance  (TNT,  RDX, 
HMX,  PETN),  PCB's,  pesticides  (uialnly  chlorinated  hydrocarbons),  toxic 
inorganics,  and  others. 

Based  upon  actual  military  installation  site  investigations  a  typical 
contaminant  area  may  include  training  areas,  sanitary  landfills,  liquid  waste 
storage  areas,  an  oil  dump  site,  and  an  unofficial  dump  site.  Based  upon 
field  investigations  involving  the  installation  of  groundwater  wells  and  the 
collection  of  numerous  soil,  sediment,  surface  water  and  groundwater  samples 
(which  were  analyzed  for  volatile  organic  compounds,  total  organic  halogens, 
total  organic  carbon,  arsenic,  trace  metals,  oil  and  grease,  total  phosphorous 
and  nitrates)  elevated  contaminant  levels  are  often  found  on  military  bases. 

Hazardous  wastes  were  reported  in  ten  waste  types  listed  in  Table  1-2.  AMC, 
FORSCOM,  TRADOC  an  CONUS  installations  reported  waste  quantities  in  all  ten 
types.  OCONUS  installations  reported  waste  generation  among  seven  types.  As 
expected,  the  most  hazardous  categories.  Types  7  and  8,  showed  accumulations 
in  the  least  quantities.  Conversely,  the  general  or  unclassified  category. 
Type  10,  had  the  largest  accumulations  for  the  three  year  period. 
Polychlorinated  biphenyls  (PCBs)  accounted  for  a  substantial  amount  of  Type  10 
waste,  a  result  of  deactivation  of  PCB  contaminated  electrical  transformers 
and  PCB  contaminated  soil.  PCB  contaminated  waste  will  eventually  be 
eliminated  as  the  use  of  transformer  oil  is  being  phased  out. 

One  source  estimates  the  military  services  are  responsible  for  about  98,000 
underground  fuel  tanks  in  the  U.S.  The  EPA  estimates  that  as  many  as  35Z  of 
all  underground  fuel  tanks  would  fail  a  "tightness  test"  and  may  be  leaking. 

MACOM's  are  responsible  on  a  geographical  and  functional  basis  for  the 
operation  of  all  Army  installations,  both  in  the  Continental  United  States 
(CONUS)  and  the  overseas  installations  (OCONUS). 

The  activities  generating  the  most  significant  quantities  of  hazardous  wastes 
report  to  the  AMC.  To  support  the  Army  soldier  in  the  active  Army,  the  Army 
Reserve,  and  the  National  Guard,  AMC  requisitions,  overhauls,  and  repairs 
hundreds  of  thousands  of  pieces  of  equipment  at  its  maintenance  and  repair 
depots  every  year.  It  also  produces,  tests,  stores,  distributes,  and  disposes 
of  virtually  all  the  ammunition  for  the  DOD.  These  installations  are 
responsible  for  the  manufacture  and  repair  of  all  Army  Weapons  systems  and 
equipment  maintenance. 

TRAOOC  and  FORSCOM  have  activities  which  generate  similar  kinds  of  waste,  such 
as  equipment  maintenance  and  repair.  Consequently,  the  most  common  hazardous 
wastes  are  cleaning  and  degreasing  solvents,  contaminated  waste  oils  and 
fuels,  battery  acids  and  paint  stripping  wastes.  The  other  MACOM's  (CONUS) 
and  OCONUS  commands  also  generate  similar  hazardous  wastes  but  in  reduced 
quantities. 
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Complicating  the  issues  is  the  fact  that  each  military  installation  (Army,  Air 
Force  or  Navy)  is  confronted  with  a  unique  set  of  external  and  internal  forces 
that  will  shape  its  approach  to  management /mitigation  of  its  contamination 
problem.  The  technical  issues  are  crosscut  by  regulation,  politics, 
economics,  future  force  structure,  competing  interests  and  the  incongruent 
role  (or  lack  of  presence)  of  the  various  DOD,  Federal,  state  and  local 
agencies  dealing  with  hazardous  wastes  issues. 

And  new  problems  continue  to  emerge.  Approximately  400,000  new  organic 
compounds  are  synthesized  worldwide  each  year  (DOD,  1988). 

1.2  Workgroup  Oblectlves  and  Organization 


The  overall  Workgroup  objective  was  to  examine  biotechnology  applicability 
(unique  or  highly  significant)  to  the  military  environment  (i.c.,  a  technology 
assessment  involving  the  civilian,  industrial,  academic  and  governmental 
sectors) . 

This  objective  was  achieved  by: 

1.  Bringing  together  38  individuals  actively  Involved  in  either 
biotechnology  research  and  development  (R&D)  or  management  of  the 
military's  environmental  programs  to  exchange  information  and 
Identify  and  prioritize  the  military’s  biotechnology  R&D  needs 
associated  with  hazardous  wastes  in  an  intensive  three-day 
Workgroup. 

2.  Providing  the  Workgroup  participants  with  a  background  paper 
prepared  by  Dr.  Ed  Smith  of  CERL  prior  to  the  meeting. 

3.  Having  each  military  service  describe  their  hazardous  waste  problems 
and  ongoing  and  planned  biotechnology  R&D  programs. 

4.  Having  the  EPA  and  the  U.S.  Geological  Survey  (USGS)  piesent  their 
ongoing  and  planned  biotechnology  R&D  programs  and  obtaining  and 
dictributing  to  Workgroup  participants  a  report  of  research  needs 
prepared  during  the  Intemational  Conference  of  Physlochemlcal  and 
Biological  Detoxification  of  Hazardous  Wastes  sponsored  by  the 
National  Science  Foundation.  This  report  is  included  in  Appendix  3. 

5.  Having  11  researchers  present  their  biotechnology  projects  in  some 
detail,  followed  by  group  discussions  of  their  presentations. 

6.  Forming  the  following  five  subgroups  for  the  final  day: 

a.  Management  &  Policy 

h.  Fuels 

c.  Ordnance 

d.  Chlorinated  Solvents 

e.  Inorganics /Heavy  Metals 


Each  subgroup  met  separately.  The  management  and  policy  subgroup 
addressed  planning,  funding,  coordination,  technology  transfer  and 
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other  '.opics  essential  to  the  DOD's  biotechnology  R&D  program.  The 
four  other  subgroups  prepared  write-ups  for  each  biotechnology 
research  topic.  These  write-ups  contained  a  background  statement, 
scope  and  expected  output  of  the  R&D.  The  subgroups  also 
prioritized  the  research  which  their  subgroup  identified.  The 
assignments  of  participants  to  the  respective  subgroups  is  listed  in 
Appendix  4. 

The  Workgroup  was  conducted  in  three  phases.  Phase  one  Included  presentations 
by  each  of  the  three  military  services  presenting  their  hazardous  waste 
problems  and  discussing,  in  general  terms,  biotechnology  R&D  needs  associated 
with  these  problems.  Phase  two  included  presentations  and  discussions  of 
ongoing  and  planned  biotechnology  R&D  by  the  three  services,  the  EPA,  USGS  and 
11  university  and  private  sector  researchers.  The  final  phase  was  devoted  to 
the  development  of  specific  R&D  project  statements  by  the  subgroups.  These 
statements  are  Included  in  the  final  section  of  this  report. 
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2.0  SUBGROUP  RECOMMENDATIONS 

2 . 1  Management  and  Policy  Subaroup 

The  purpose  of  this  subgroup  was  to  define  procedures  for  coordinating  and 
integrating  biotechnology  into  Navy,  Army  and  Air  Force  systems  to  improve 
these  systems  and  to  eliminate  or  mitigate  adverse  effects  to  the  environment. 
This  included  aspects  of  both  site  remediation  and  hazardous  waste  producing 
processes . 

The  following  actions  were  defined  by  the  subgroup: 

1.  Develop  Trl-Servlce  Research  Plan 

a.  Define  mission  needs  resulting  in  technical  research  needs: 

•  Business  Plan  for  next  three  years. 

•  Strategic  Plan  for  next  15  years. 

b.  Coordination 

•  Define  Current  Program 

-  Develop  integrated  matrix  for  technology 
exchange.  Matrix  to  include  vendors, 
researchers,  site  data,  project  data,  etc. 

-  Define  topics  for  continuing  working  group 
meetings  in  technical  areas  and  assign  lead 
agencies  for  coordination. 

-  Get  involvement  by  other  Federal  Agencies 
(i.e.,  uses,  EPA,  DOE). 

-  Get  involvement  from  university  and  commercial/ 
industrial  sector. 

-  Develop  lead  agency  coordination  for  technology 
areas. 

-  Plan  to  be  updated  each  year. 

•  Funding 

-  Define  funding  requirements  for  research  needs 

-  Define  funded  project  by  Army,  Navy,  Air  Force 

-  Identify  funding  gaps 

•  Prioritization 

-  Develop  forecast  of  Navy,  Army  and  Air  Force 
needs 
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-  Identify  applications  first 

-  Define  research  to  back-up  applications 

Other  items  discussed  by  the  management  and  policy  subgroup,  which 
will  require  policy  and  management  decisions  and  will  be  addressed 
as  issues  in  the  Plan  are: 

a.  Protocol  for  Biotechnology  Application 

•  Standards  development 

-  Peer  review 

-  Site  condition  protocol 

-  Tech  data  packages 

-  Proposals  peer  reviewed 

•  Technology  transfer  from  research  community  to  user 

•  Scale  up  of  research 

e  Post  application  evaluation 

•  Standard  economic  analysis 

•  Risk  assessment 

•  Regulatory  and  DCD  Interface 

b.  International  Issues 

•  Technology  of  NATO  countries 

•  Problems  and  requirements 

•  International  protocols 

Chlorinated  Solvents  Subgroup 


This  subgroup  identified  six  research  projects.  The  subgroup  prioritized  the 
projects  into  four  priority  levels  (with  a  1  as  the  highest  priority  and  a  4 
as  the  lowest). 


2.2.1  Dechlorination  and  Oxidative  Mechanisms  of  Microflora;  Priorify 
Level  1,  a  6.1  Projec t 


Background:  The  metabolic  pathways  employed  by  microbes  in  the  dechlorination 
and  ultimate  oxidation  of  chlorinated  solvent  substrates  are  important  for  the 
eventual  design  of  efficient  systems. 

a  Different  microbes  carry  the  breakdown  process  to  varying  endpoints 
through  varying  pathways. 

•  Some  intermediate  products  may  be  highly  toxic. 

•  Abiotic  mechanisms  may  also  be  Important  in  some  circumstances. 
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Scope ; 

•  Select  a  suite  (e.g.,  three  to  four)  of  DOD-relevant  solvents  that  are 
of  major  significance  as  contaminants  at  Defense  Environmental 
Restoration  Account  (DERA)  sites. 

•  Define  the  microbial  consortia  that  can  be  demonstrated  to  degrade 
these  solvents. 

•  Determine  toxicity  thresholds  for  these  microbes  in  terms  of  solvent 
concentrations  tolerated. 

•  Determine  the  lower  concentration  limits  that  can  be  achieved  by  use 
of  such  microbe  populations. 

•  Analyze  degradative  pathways  of  Individual  microbes  identified  as 
important  species  within  the  consortia. 

Output : 

•  Determine  the  species  make-up  and  survivability  of  synthetic  consortia 
of  microbes  individually  shoim  to  be  active  solvent  degraders. 

•  Test  these  populations  in  reactor  systems. 

•  Ultimately  test  successful  microbial  consortia  in-situ. 

2.2.2  Inventory  of  Chlorinated  Solvent  Types  Used  by  the  Military; 

Priority  Level  3,  a  6.2  Project 


Background;  Much  of  the  military's  current  Installation  Restoration  (IR) 
effort  is  devoted  to  recovering  from  past  practices.  Indiscriminate  use  and 
disposal  of  chlorinated  solvents  have  led  to  contaminated  soil  and  ground- 
water.  To  properly  determine  the  feasibility  of  applying  biotechnology  to 
clean-up,  the  nature,  form  and  allowable  impurities  of  past  chlorinated 
solvents  procured  for  use  by  the  military  must  be  catalogued. 


Scope : 

«  Archival  search  of  Mil  Specs  in  the  FSC  6850  series  to  identify 

chlorinated  solvents  (and  allowable  impurities)  procured  for  military 
use . 

•  Comparison  of  results  of  Task  1.0  with  the  history  of  chlorinated 
solvents  manufacture. 

•  Identification  of  solvents  unique  to  specific  applications  (e.g., 
methylene  chloride  for  paint  stripping). 

•  Organization  and  cataloging  of  existing  data  on  degree  of  chlorination 
and  associated  toxicity. 
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•  Survey  of  manufacturers  and  weapons  system  developers  to  forecast 
future  developments  in  the  chlorinated  solvents  (e.g.,  solvents 
compatible  with  radar  reflective  paint  or  carbon  composite  material). 

Output: 


•  List  of  current  and  past  chlorinated  solvents  used 

-  Arranged  by  commodity 

-  Arranged  by  using  process (es) 

•  Compendium  of  data  on  blotoxicity  of  chlorinated  solvents 


«  Future  (forecasted)  solvents  which  may  require  treatment  by 
biotechnology  methods 

2.2.3  Coupled  Bioreactor  System  (Aerobic/Anaerobic);  Priority  Level  1,  a 
6.2  Project 

Background:  Chlorinated  solvent  contaminated  groundwater  exists  at  many  DOD 
Installations  and  is  the  subject  of  regulatory  action  at  some  of  the 
installations.  Technology  exists  to  pump  groundwater  to  the  surface  and  treat 
with  packed  column  air  strippers  and/or  carbon  adsorption;  both  of  which  do 
not  destroy  the  contaminant.  Air  stripping  transfers  the  contaminant  from 
water  to  air  with  no  destruction  of  the  contaminant  (a  practice  that  is 
already  banned  in  some  states) .  Carbon  adsorption  transfers  the  waste  from 
the  water  to  the  carbon  which  must  be  regenerated  or  disposed.  A  treatment 
technology  is  needed  to  remove  Che  contaminant  from  the  water  and/or  air 
stream  and  destroy  or  render  non-hazardous. 

Scope :  Establish  two  tests;  one  to  test  Che  vapor  phase  treatment  capability 
of  blosysCemst  and  one  to  test  Che  aqueous  phase  treatment  capability  of 
bipsystems  Co  Include  both  aerobic  and  anaerobic  systems  composed  of 
sequencing,  series  and  fixed  film  reactors.  Tests  will  be  conducted  using 
single  contaminants  of  concern  and  multiple  contaminants  based,  to  the  extent 
possible,  on  actual  site  conditions. 


Output :  Desired  output  from  these  tests  will  be  data  that  defines  the 
effectiveness  of  blotr  jtment  systems  <'"apor  phase  and  liquid  phase)  to  treat 
chlorinated  solvent  contaminated  groundwater,  provides  sufficient  data  to 
design  a  pilot  scale  system  to  prove  out  concept,  and  provides  sufficient  data 
Co  conduct  a  preliminary  economic  analysis  of  treatment  cost. 


2.2.4 


Mixed  Waste  Treatment;  Priority  Level  2, 


a  6.1  Project 


Background:  Almost  all  contaminated  sites  Involve  the  presence  of  multiple 
contaminants— either  multiple  organic  solvents  or  organic  solvent/heavy  metal 
mixtures.  Therefore,  the  effect  of  multiple  substrates  on  the  blodegradatlve 
capability  of  the  microbial  population  of  interest  needs  Co  be  investigated. 

Scope:  Using  either  batch  or  bioreactor  systems,  investigate  the  effects  of 
multiple  organics  or  heavy  metals  on  Che  blodegradatlve  capability  of  a 
Uiicroblal  population  in  terms  of: 
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m  In'iiblting  degradation  of  the  primary  substrate  of  interest  by  either 
having  a  toxic  effect  on  the  microbes  or  by  somehow  inhibiting  their 
enzymatic  pathways. 

•  Possibly  enhancing  the  biodegradation  of  the  primary  substrate  of 
interest . 

Output :  Information  to  assist  in  predicting  the  feasibility  of  using 

biotechnology  to  remediate  a  contaminated  site  containing  multiple  sustrates 
(contaminants) . 


2.2.5  Development  and  Standardization  of  Sampling  Protocols;  Priority 
Level  3.  a  6.2  Project 


Background: 


At  present  there  is  relatively  little  standardization  in  sampling 
procedures  for  chlorinated  solvents. 


•  Such  standardization  is  required  to  overcome  problems  of  sample 
storage,  settling  or  volatilization  that  can  profoundly  affect 
analytical  results  and  give  rise  to  errors  in  site  evaluation. 


•  Undertake  tests  to  evaluate  such  factors  as  sample  size  and  volume. 


•  Settling  and  volatility  in  varying  soil  and  water  matrices. 

•  Allowable  storage  times  and  temperatures  before  sample  degradation  or 
change  occurs. 


Output ; 

•  Disseminate  recommended  procedures  to  appropriate  organizations  for 
evaluation. 


•  Collate  results  and  recommendations  into  final  protocols  to  be 
used  by  all  services. 

•  Undertake  periodic  review  (e.g.,  blannually)  of  protocols  and  update 
as  necessary  to  keep  pace  with  evolving  technology  and  physical/ 
chemical  make-up  of  new  solvents. 


2.2.6 


In-Situ  Treatment;  Priority  Level  4,  a  6.2  Project 


Background :  Chlorinated  solvents  have  been  identified  as  a  major  problem  in 
the  Installation  Restoration  (IR)  program.  Application  of  biotechnology  for 
remediation  could  be  cost-effective.  Cultivation  and  utilization  of  naturally 
existing  microbes  in  in-sltu  treatment  approaches  can  realize  maximum  benefit. 


Scope :  Investigate  the  existing  microbes  for  their  biodegradation  capability 
by  measuring  redox  potentials  which  will  determine  aerobic  and  or  anaerobic 
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modes.  Determine  cultivation  potential  in  terms  of  nutrients  and  environ¬ 
mental  factor  requirements.  Lab  experiments/field  pilot  demonstration  will 
ertablish  options  for  barrier/in-situ/on-site/phases  treatment. 

Output ;  in-situ/on-site  biodegradation  system  alternative  for  treatment  of 
soil /groundwater  with  contaminated  chlorinated  solver.  .3. 

2.3  Fuels  Subgroup 


This  subgroup  identified  10  research  projects.  The  subgroup  prioritized  each 
project  in  relative  order  from  1  to  10  (with  1  as  the  highest  and  10  as  the 
lowest) . 

2.3.1  Develop  Above-Ground  Treatment  Processes;  Priority  3,  a  6.2  and  6.3 
Project 


Background;  Above-ground  treatment  processes  are  an  integral  part  of  both 
in-sltu  and  land-surface  treatment  facilities.  Improvement  of  techniques  and 
methods  to  properly  couple  subsurface  to  surface  treatment  are  required. 

Scope;  In-situ  and  above-ground  treatment  methods  for  fuels  rely  on 
increasing  the  availability  of  the  hydrocarbons  to  the  microbiota,  as  well  as 
decreasing  intracellular  toxicity  during  the  degradation  processes.  Total 
destruction  of  hydrocarbons  is  seldom  realized  and  the  major  step  to  toxicity 
reduction  is  decreasing  concentrations  and  removing  mobile  (e.g.,  solubilized 
or  emulsified)  contaminants. 

Research  is  required  to  develop  cost-effective  methods  to  destroy  volatile 
hydrocarbons  (VOC's)  produced  from  point  source  releases  (e.g.,  soil  venting 
during  in- situ  reclamation).  One  potential  method  is  biodegradation  of  VOC's 
in  bioreactors  containing  a  sorptive  meditim  for  sorbing  the  vapor  phase.  The 
determination  of  the  best  sorptive  medium,  microbial  growth  conditions,  and 
bioreactor  design  that  maximizes  VOC  biodegradation  are  required.  Effective 
surfactants /emulsifiers  that  readily  mobilize  hydrophobic  hydrocarbons  in 
water  while  being  non-toxic  and  non-lnhibitlve  to  hydrocarbon  degrader 
growth/metabollsm  are  required.  Development  of  above-ground  bioreactors  and 
processes  that  rapidly  and  cost-effectively  degrade  emulsified  hydrocarbons  is 
also  needed. 

Output;  Literature  reviews  of  VOC  biotreatment  and  available  surfactant/ 
emulsifier  use  in  fuel  treatment  need  to  be  developed.  Laboratory,  followed 
by  field  pilot  studies,  need  to  be  performed  to  evaluate  VOC  and  emulsion 
removal  for  cost  and  effectiveness.  Prototype  systems  will  be  developed  to 
help  phase  products  to  conventional  field  use. 


2.3.2  Saturated  Zone  Biodegradation  of  Fuels;  Priorify 
Project 


a  6.2  and  6.3 


Background;  Techniques  have  been  developed  in  a  variety  of  forms  for  over  10 
years  within  the  private  sector.  The  details  of  the  process  have  undergone 
major  evaluation  over  the  past  five  years.  Most  commercial  sites  have 
provided  only  anecdotal  data  about  critical  process  variables,  and  very  little 
data  from  those  sites  are  in  the  open  literature. 
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Only  three  "field  demonstrations"  have  been  performed  which  provide  published 
meaningful  process  data  (API-Granger ,  AFEPA-Kelly  AFB,  AF-Eglin  AFB).  Each  of 
these  sites  suffered  from  some  operational  problems  which  limited  the  broad 
utility  of  these  data.  Based  on  these  experiences  and  the  collective  input  of 
university  and  consulting  personnel,  several  areas  have  been  Identified 
where  improved  understanding  is  required  to  establish  in-situ  bioremediation 
of  contaminated  aquifers  as  a  reliable  predictable  technique.  Recommended 
areas  of  investigation  are  summarized  below. 

Scope : 

Fundamental  Processes 


6.2,  6.3  Understand  role  of  adsorption  phenomena  in  controlling  the 
biodegradation  of  various  constituents. 

6.2,  6.3  Develop  methods  to  optimize  desorption/bioavailability  of 

hydrophobic  contaminants  (emulsifiers,  biosurfactants,  surfactants, 
etc.) . 

6.1,  6.2  Develop  understanding  of  preferential  biodegradation  of  complex 
wastes  (aliphatics  vs  aromatics,  branched  chain  affects)  and  the 
environmental  characteristics  which  control  these  differences. 

Oxygenation  of  In-Situ  Processes  (Saturated) 

6.1,  6.2  Develop  improved  means  of  predicting  and  maximizing  hydrogen 
peroxide  (H2O2)  stability  in  groundwater  matrices  (soil 
characteristics,  screening  protocol,  stabilization  techniques). 

6.1,  6.2  Determine  the  role  of  enzymes,  especially  catalase,  in  the  stability 
of  hydrogen  peroxide  in  the  subsurface  and  develop  methods  to 
control  these  processes. 


6.1,  6.2  Evaluate  alternate  methods  of  delivering  oxygen  through  the 
saturated  zone  (e.g.,  electrolysis  of  water,  new  peroxide 
formulations,  nitrate,  nitrogen  oxide  gases,  pure  oxygen). 


Nutrient  Issues 


6.2,  6.3  Evaluate  C:N:P  ratios  which  optimize  process  performance. 

6.2,  6.3  Improve  techniques  for  evaluating  nutrient  formulations  for 
compatibility  with  various  soil  types. 

6.2,  6.3  Develop  methods  for  evaluating  and  controlling  soil  buffer  capacity 
and  pH. 

Environmental  Factors 


6.1,  6.2  Define  the  need  of  co-factors,  co-substrates  and  micro-nutrients  for 
increasing  biodegradation  rates. 
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Output :  Better  understanding  of  critical  site  characteristics,  literature 
review;  lab  studies  with  multiple  soils,  etc.,  field  studies  performed  under 
the  objectives  above. 


2.3.3  Vadose  Zone  In-Situ  Biodegradation;  Priority  2,  a  6.2  and  6.3 
Project 

Background;  At  many  sites  most  of  the  fuel  contamination  is  found  above  the 
saturated  zone  sorbed  to  or  otherwise  retained  by  soils.  Further  research  is 
required  to  investigate  biodegradation  mechanisms  and  engineering  of 
biodegradation  enhancement  in  the  vadose  zone. 

A  multi-faceted  program  is  required  to  address  the  following: 


6.2,  6.3  An  assessment  of  the  biotic  and  abiotic  (volatilization)  mechanisms 
associated  with  conventional  venting. 


6.2,  6.3  An  assessment  of  soil  venting  as  a  mechanism  to  Introduce  oxygen  and 
stimulate  biodegradation  in  the  vadose  zone. 

6.2,  6.3  An  effort  to  initiate  the  process  of  engineering  biodegradation 

through  soil  venting.  The  issues  to  be  addressed  Include  (but  are 
not  limited  to): 


•  Moisture  augmentation 

•  Nutrient  delivery  methods  and  requirements 

•  Venting  rates  to  optimize  in-situ  volatile  organic  compound 
(VOC)  biodegradation  and  minimize  VOC  removal  from  the  soil. 

6.1,  6.2  A  clear  understanding  of  sensitive  parameters  affecting 
biotransformation  in  the  vadose  zone. 

Output; 

•  A  better  understanding  of  the  effects  of  conventional  soil  venting  on 
biodegradation. 

•  An  understanding  of  processes  necessary  to  allow  engineering  of 
in-situ  biodegradation  in  the  vadose  zone. 

•  Research  is  to  be  scaled  from  bench-scale  laboratory  studies  to  field 
scale  pilot  studies.  Prototype  systems  will  be  developed  to  help 
phase  RST&E  to  field  demonstration-scale  studies. 

2.3.4  Anaerobic  Processes;  Priority  5,  a  6.1  and  6.2  Project 

Background;  Anaerobic  processes  have  been  shown  to  be  significant  hydrocarbon 
removal  mechanisms  (especially  for  aromatic  compounds)  in  both  field  and  lab 
studies.  However,  the  environmental  conditions  which  affect  rates  and  the 
extent  of  transformation  of  individual  hydrocarbon  components  are  poorly 
understood.  Therefore,  such  processes  have  not  been  considered  in  the  design 
of  soil /groundwater  treatment  strategies.  It  is  recognized  that  the  pay-off 
could  be  very  significant  if  anaerobic  processes  could  be  relied  upon  to  clean 
up  spills  of  fuels  and  other  hydrocarbons. 
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Scope :  Execute  detailed  and  long-term  field  studies  on  sites  where  anaerobic 

transformation  of  aromatic  and  other  hydrocarbons  have  been  observed.  These 
field  studies  should  be  supported  by  detailed  laboratory  studies  designed  to 
provide  insight  into  the  transformation  processes. 

Lab  studies  should  be  designed  to  identify  the  factors  which  affect  adaptation 
times  and  transformation  rates. 

Output :  The  research  outlined  above  will  lead  to  information  useful  for: 

•  Predicting  the  fate  of  aromatic  hydrocarbons  in  anaerobic  subsurface 
systems,  including  residence  times  and  intermediates  metabolites. 

•  Understanding  geochem-lcal  conditions  suitable  for  anaerobic 
transformation  of  aromatics. 

•  Recommending  ways  to  stimulate/accelerate  hydrocarbon  biotransfor¬ 
mation  rates. 

2.3.5  Develop  In-Situ  Methods  for  Assessing  Microbiological  Activity; 
Priority  6,  a  C.2  and  6.3  Project 

Background :  In  order  to  effectively  develop  blocleanup  technologies 

(stimulation  of  microbiological  activity)  either  in-sltu  or  above-ground 
methods  are  required  to  obtain  real-time  data  on  system  performance.  Both 
traditional  analytical  techniques  applied  in  the  field  and  biosensors  can  be 
appropriate  to  evaluate  system  performance. 

Scope :  Development  of  reliable  field  systems  for  monitoring  microbiological 
activity  will  require  identification  of  appropriate  parameters  and  adaptation 
of  existing  technology  from  soil  science,  analytical  chemistry  and 
biomonitoring.  Traditional  analytical  instruments  will  be  modified  to  detect 
and  quantify  respired  (microbially  produced)  gases  and  Immunoassay  techniques 
will  be  developed  to  detect  and  quantify  enzymes  involved  in  biocleanups.  New 
technologies  (e.g.,  immunoassays,  fiber  optics)  require  laboratory  evaluation, 
simulated  field  testing  and  field  evaluations,  while  traditional  systems  can 
be  developed  faster. 

Output : 

•  Development  of  an  automated  monitoring  system  for  microbiologlcally 
important  gases,  with  data-interpretafion  and  a  User^s  Guide. 

•  Development  of  immunoassay  methods  to  detect  and  quantify  enzymes 
important  in  biodegradation  of  fuel  components. 

2.3.6  Develop  Reliable  Standard  Methods  for  Assessing  Hydrocarbon 
Contamination  in  Soils;  Priority  4,  a  6.2  and  6.3  Prolect 

Background;  Assessment  of  the  degree  of  biocleanup  success  for  fuel 

contr  ation  is  difficult  without  appropriate  methods  to  determine  the  extent 

of  S'*  ,  contamination.  Current  methods  give  results  of  questionable  quality. 
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Scope :  Current  and  proposed  methods  for  determining  total  hydrocarbons  in 
soil  will  be  compiled,  along  with  performance  data.  The  most  promising 
methods  will  be  identified  and  applied  to  split  samples  of  contaminated  soils 
from  diverse  DOD  facilities. 

Output :  A  detailed,  simple  analytical  protocol  will  be  developed,  with 
precision  and  accuracy  data  describing  performance. 

2.3.7  Develop  Better  In-Situ  Techniques  for  Determining  Mass  Balances 

of  Carbon,  Nitrogen  and  Oxygen  Compounds;  Priority  9,  a  6.2  and  6.3 
Prolect 

Background;  In  order  to  effectively  evaluate  the  performance  of  biocleanup 
systems,  the  utilization  of  added  nutrients,  electron  acceptors,  and 
contaminants  and  Important  metabolic  pathways  must  be  known. 

Scope ;  Based  on  experimental  data  from  monitoring  at  the  site  of  a 
biocleanup,  methods  for  development  of  mass-balance  expressions  and/or 
evaluation  of  the  importance  of  various  site-specific  conditions  at  locations 
of  biocleanups  will  be  developed. 

Output ;  A  User's  Guide  on  carbon,  nitrogen  and  oxygen  mass  balances  in 
biocleanups  will  be  prepared. 

2.3.8  Development/Improvement  of  Oil-Water  Separation  Equipment  Using 
Ultra-/Mlcroflltration  Technology;  Priority  7,  a  6.2  and  6.3  Prolect 

Background;  Heavily  contaminated  fuel  spill  sites  are  often  remediated  by  a 
"pump  and  treat"  process  which  Injects  and/or  reinjects  pumped  water  after 
removing  free  fuel  product.  Much  'uel  remains  Interstitlally  and  partially 
emulsified  by  natural  emulsifiers  in  the  soil  profile.  This  remaining  product 
is  slow  to  solubilize  or  separate  from  soil  particles,  which  is  necessary  for 
bioremedlatlon  to  proceed  rapidly.  More  product  needs  to  be  physically 
removed  to  facilitate  final  cleanup  by  bioremedlatlon. 

Scope;  State-of-the-art  oil/water  separation  including  ultra-  and 
microfiltration  can  completely  separate  fuel  even  at  the  colloidal  level. 
Deliberate  addition  of  a  biodegradable  emulsifier  would  remove  fuel  from  soil 
pores,  which  would  then  be  separated  by  ultra-  or  mlcroflltratlon. 

Output;  A  complete,  light-weight,  portable,  prototype  ultra-/mlcrof lltratlon 
system  would  be  developed  for  evaluation  at  a  site.  The  protocol  would 
include  use  of  appropriate  synthetic  or  natural  emulsifying  agents  to  help 
extract  fuel  sorbed  to  soil  particles. 

2.3.9  Development/Improvement  of  Toxicity  Determination  for  Soils; 

Priority  10,  a  6.1  and  6.2  Project 

Backgr jund ;  Numerous  methods  for  determination  of  toxicity  exist,  and  all  can 
provide  useful  empirical  data.  However,  methods  to  interpret  these  data  so 
that  they  can  be  used  to  develop  risk-based  cleanup  criteria  are  limited. 
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Scope :  An  evaluation  of  existing  toxicity  methods  for  fuel  components  and  any 
correlations  (or  lack  thereof)  with  risk  of  groundwater  use  will  be  performed. 
Upon  completion,  a  decision  will  be  made  on  the  feasibility  of  a  second  phase, 
namely,  to  develop  mathematical  relationships  between  toxicity  test  results 
and  potential  risk;  this  would  include  required  experimental  research  for 
verification. 

Output :  A  DOD  report,  entitled  The  Use  of  Toxicitv  Test  Results  In  Risk 
Assessment ,  will  be  prepared  and  will  include  worksheets,  fl'^w  diagrams  and 
formulae  for  use  in  development  of  risk-based  site  cleanup  action  levels. 

2.3.10  Development  of  Early-Warning  Groundwater  Monitoring  Methods  to 

Detect  Biogenic  Changes  in  Groundwater  Quality;  Priority  8,  a  6.2 
and  6.3  Project 

Background :  Natural  biomineralization  of  organic  contaminants  can  eliminate 
contaminants  from  groundwater,  precluding  down-gradient  contamination. 

However,  detection  of  effects  of  these  biodegradation  processes  on  grout dwater 
characteristics  can  provide  a  sensitive  early-warning  system  for  detect  ng 
organic  leakage  from  tanks  or  landfills. 

Scope :  A  system  of  several  physico-chemical  sensing  probes  will  be  de:-lgned 
and  assembled  for  Inorganic  water-quality  parameters  sensitive  to 
biomineralization.  The  design  will  allow  for  input  of  reference  data  ,'e.g., 
pH,  redox  potential,  temperature,  conductance)  to  eliminate  false  posl .ive  and 
false  negative  information.  The  system  will  be  evaluated  for  its  sens  .tlvity 
to  hydrocarbon  degradation  processes  through  field  application  in  a 
contaminated  aquifer. 

Output :  A  DOD  report  will  be  prepared  on  Development  of  an  EarJy-Waming 
System  for  Detection  of  Organic  Groundwater  Contamination.  It  will  include 
design  specifications  and  laboratory  and  field  data  frcm  several  sites. 

2 . 4  Ordnance  Subgroup 

This  subgroup  Identified  research  projects  in  five  categories.  The  subgroup 
elected  to  estimate  the  payoff  and  risk  (probability  of  success)  of  the 
proposed  research  using  descriptive  words  (high,  moderate  and  low). 

Background 

Types  of  contamina'.lon: 

Contaminated  Sites 

•  Flora  and  fauna 

•  Soil 

•  Surface  water  and  runoff 

•  Groundwater 

•  Structures 

•  Equipment 

•  Impacted  areas 
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•  Production  by-products,  off-grade 

•  Spill  and  area  washdown  wastes 

•  Obsolete,  unserviceable  conventional  munitions 

•  Items  to  be  destroyed  by  treaty  agreement 

•  Training  residues 

Consequences  of  contamination: 

•  Unsafe  water  sources 

•  Possible  contamination  of  food  chain 

•  Restricted  use  of  structures  and  equipment 

•  Restricted  land  use 

■  Significant  cost  to  treat  currently  generated  wastes  to  achieve 
regulatory  compliance 

Significant  portion  of  Installation  restoration  program  costs  are  dedicated  to 
ordnance  related  contamination. 

R&D  Support  Required 

Evaluation  of  flora  and  fauna  as  required  by  NEPA— also  protection  against  lav 
suits. 

R&D  Support  Desired 

2.4.1  Projects  Associated  With  Contaminated  Flora  and  Fauna 

6.1  Complete  plant  uptake  studies  in  lab,  if  uptake  evaluated/found  In  field. 
If  found,  evaluate  consequences  Including  metabolic  pathways. 

6.2  Develop  analytical  procedures  for  flora/fauna  measurement. 

Evaluate  vegetative  uptake  as  a  cleanup  mechanism,  migration  retardant 
and  run-off  retardant. 

6.3  Development /prove-out  of  6.2  analytical  procedures  In  field. 

Demonstrate  developed  run-off  prevention/retardant  techniques. 

Out  put ; 

•  Protocol /techniques  for  evaluating  impact  of  ordnance  contamination 
cn  flora/fauna 

•  Techniques  for  minimizing  migration  and  run-off 

2.4.2  Projects  Associated  With  Treatment  of  Soil 

6.1  Isolatlpn/characterlzatlon  of  strains. 

Applicability  of  fungi,  molds,  earthworms,  etc. 

Impact  of  ciltlcal  parameters  (pH,  temperature,  etc.). 
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6.2  In-sltu  mechanisms  R&D. 

Evaluation  of  alternative  nutrients,  carbon  source. 

6.3  Structural  alternative  evaluations. 

Batch  vs  semi-continuous  vs  continuous. 

More  cost-effective  process  for  treatment  of  contaminated  soil 

Projects  Associated  With  Contaminated  Structures  and  Equipment 

6.1  Evaluate  feasibility  of  masonry  and  metal  decontamination  by  bacteria, 
fungi,  molds. 

6.2  Evaluate  bioenhancement  of  hot  gas  technology. 

Output :  More  effective  structural  decontamination  technology. 

2.4.4  Projects  Associated  With  Production  Wastes 

6.1  Metabolic  pathway  of  pertinent  energetic  compounds. 

Review  past  studies  to  blotreat  contaminated  ground /surface  water,  pink 
water  and  red  water. 

6.2  Evaluate  ,/recreatment  processes  for  individual  waste  stream  components 
that  would  enhance  combined  waste  blotreatnent. 

Output:  More  cost-effective  means  for  treatment  of  production  operation 
wastes. 

2.4.5  Projects  Associated  With  Items  to  be  Destroyed  by  Treaty  Agreemerts 
(Rocket  motors,  etc.)  and  training  residues  (propellant  bags,  etc.) 

None,  biotechnology  approaches  not  considered  feasible  for  these  items. 

Probable  Pay-Off  of  Projects 

Moderate  Risk  -  High  Payoff 

Composting  could  reduce  cost  of  soil  treatment  by  $200  per  cubic  yard.  Total 
program  savings  of  about  $1  billion. 

Low  Risk  -  Moderate  Payoff 

Ability  to  evaluate  effect  on  flora/fauna  could  avold/rcduce  expensivo  law 
suits  and  adverse  publicity. 

Low  Bisk  -  Moderate  Payoff 

Minimizing  migration  and  run-off  could  be  reduced  by  vegetative  filtering 
technologies  to  produce  effluents  meeting  regulatory  standards  without  further 
treatment. 
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High  Risk  -  Moderate  Payoff 

Use  of  vegetative  uptake  as  a  decontamination  technique  could  further  reduce 
restoration  costs. 

Moderate  Risk  -  High  Payoff 


Enhanced  structural  decontamination  technology — use  and  equipment  of  hot  gas 
and  bio-surface  treatment. 

High  Risk  -  Low  Payoff 

Biotreatment  technologies  for  red  water,  pink  water  and  ordnance  contaminated 
ground/surface  water. 

High  Risk  -  Low  Payoff 

Improved  pre-treatment  processes  for  combined  waste  biotreatment  plants. 

2.5  Inorganics /Heavy  Metals  Subgroup 


This  suogroup  identified  six  research  projects.  Like  the  chlorinated  solvents 
subgroup  this  subgroup  priorltiaed  the  projects  into  four  priority  levels 
(with  a  1  as  the  highest  and  a  4  as  the  lowest). 

2.5.1  development  of  a  Relatively  Inexpensive  System  for  Reducing  the 
Mobility  and  Toxicity  of  Heavy  Metals  in  Soil  and  Sediments; 

Priority  Level  1 

Background; 


•  Methods  for  remediating  soil  and  sediment  contaminated  with  heavy 
metals  are  expensive  and,  in  some  cases,  difficult  to  treat. 

e  Microbial  systems  at  contaminated  sites  may  provide  a  method  for 
immobilizing  and  reducing  the  toxicity  of  heavy  metals  In  soil  and 
sediment. 

e  Laboratory  studies  have  demonstrated  that  sulfate-reducing  bacteria  In 
soil  and  sediment  convert  soluble  heavy  metals  In  these  environments 
to  the  metal  sulfides  (which  reduces  the  mobility  and  toxicity) . 


•  These  studies  have  also  shown  that  supplementing  soil  and  sediment 
with  nutrient  Increases  the  activity  of  these  bacteria  and  the  rate  of 
conversion. 

e  Since  the  costs  of  these  supplements  are  very  Inexpensive,  this 

process  would  have  application  for  reducing  the  mobility  and  toxicity 
of  heavy  metals  In  soil  and  sediment. 
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Scope : 

•  Before  these  systems  can  be  used,  a  need  exists  for  evaluating  its 
potential  in  the  field. 

•  Identify  a  field  site. 

•  Evaluate  the  effectiveness  of  nutrient  addition  on  the  activity  of 
sulfate-reducing  bacteria,  immobilization  of  the  heavy  metals  and  the 
potential  toxicity  of  the  contaminated  site. 

•  Evaluate  the  cost-effectiveness  of  the  system. 

Output : 

•  The  addition  of  nutrient  to  the  contaminated  site  should  reduce  the 
toxicity  and  mobility  of  heavy  metals  observed  at  the  treated  site. 

•  The  successful  demonstration  of  this  system  will  provide  DOD  with  a 
relatively  inexpensive  system  for  remediating  sites  contaminated  with 
heavy  metals. 

2.5.2  Methods  for  Reducing  the  Volume  of  Sludge  Contaminated  With  Heavy 
Metals  is  Needed  Because  the  Cost  is  so  Expensive  and  Method  of 
Storage  May  Soon  be  Banned  by  the  EPA;  Priority  Level  1 

Background : 

•  Sludge  is  currently  disposed  of  by  burying  containers  with  the 
contaminated  sludge.  Since  the  process  is  expensive  and  because  EFA 
may  ban  underground  burying,  areas  exist  for  developing  a  new  process 
for  treating  heavy  metal  contaminated  sludge. 

•  Microbial  systems  have  been  identified  that  leach  heavy  metals  from 
sludge.  Systems  have  also  been  Identified  that  precipitate  heavy 
metals  from  solution  (i.e.,  converting  ionized  metals  to  the  elemental 
form) . 

m  These  microbial  systems  are  relatively  Inexpensive  and  provide  a 
simple  method  for  reducing  the  volume  of  heavy  metal  contaminated 
sludge. 

•  Since  these  microbial  systems  have  only  been  tested  with  small  volumes 
of  sludge,  a  need  exists  for  evaluating  these  systems  with  relatively 
large  volumes  of  contaminated  sludge. 

Scope: 

•  Evaluate  the  microbial  systems  for  their  ability  to  quantitatively 
leach  heavy  metal  from  sludge. 

•  Evaluate  the  microbial  system  for  quantitatively  for  precipitating  the 
heavy  metal  from  solution. 
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•  Evaluate  the  cost-effectiveness  of  the  microbial  systems. 


•  Evaluate  any  environmental  concerns  using  this  system. 


Output : 

•  Successful  demonstration  of  this  microbial  system  will  provide  a 
method  for  reducing  the  volume  of  heavy  metal  contaminated  sludge  at 
costs  which  are  relatively  inexpensive. 

•  This  system  will  also  provide  a  treatment  method  for  sludge  before  EPA 
bans  underground  storage  of  heavy  metal  contaminated  sludge. 

2.5.3  Methods  to  Preclude  Specific  Metal-Binding  Substances  Such  as 
Metallothloneins :  Priority  Level  2 


Background : 


•  Heavy  metals  in  contaminated  waters  require  removal  to  meet 
environmental  regulations. 

•  Additionally,  heavy  metals  desorbed  from  contaminated  solids  or 
sludges  and  contained  in  leachates  must  be  removed  before  it  can  be 
disposed. 

•  Criteria  for  allowable  levels  of  heavy  metals  in  water  is  becoming 
increasingly  stringent. 

•  Metal-binding  substances,  such  as  metallothloneln,  are  highly  specific 
and  efficient  in  removing  metals  from  liquids. 


Scope: 


•  Develop  method  to  produce  large  quantities  of  metal-binding  protein 
from  animals  that  have  demonstrated  high  binding  capacities. 

•  Use  cloning  methods  based  on  recombinant  DNA  procedures. 

•  Develop  methods  to  use  the  proteins  for  metal  removal. 


Output ;  Documenttd  procedures  for  large-scale  production  of  metal-binding 
proteins. 


2.5.4  Field  Screening  Techniques  for  the  Determination  of  Heavy  Metals  in 
Soil  and  Groundwater  DERA/Superfund  Sites:  Priority  Level  3 


Background:  Present  analytical  methodologies  for  heavy  metals  are  time 
consuming.  It  Involves  samples  digestion  for  several  days,  dilutions  and 
analysis  on  AA  or  ICP.  Development  of  efficient  sample  preparation  schemes 
coupled  with  proper  selection  of  Instrximentation  will  allow  for  same  day 
determinations.  Cost-effective  analytical  methods  for  field  screening  of 
hazardous  waste  and  dally  monitoring  of  cleanup  are  needed. 
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Scope ; 

•  Develop  and/or  evaluate  sample  preparation  tecnniques  for  available 
instrumentation  that  are  well  suited  for  field  determinations  of  hea’ y 
metals  (6.1  program). 

•  Demonstrate  field  sample  preparation  methods  and  same  day  analytical 
determination  procedures  for  heavy  metals  at  DERA  site.  (6.2 
program) . 

Output: 

•  Mobile  laboratories  equipped  with  field  instrinnents  and  sample 
dlsejlutlon  apparatus  for  preparing  and  quantitatively  determining 
heavy  metals  in  plant,  soil  and  water  matrices. 

•  Documented  cost-ef fectlve  procedures  for  screening  environmental 
samples  for  heavy  metals. 

2.5.5  In-Sltu  Immobilization/Mobilization  of  Heavy  Metals  in  Soils, 
Sediments,  Sludges  and  Aqueous  Solution;  Priority  Level  1 

Background;  The  solubility  product  of  heavy  metals  in  water  vary  greatly  but 
in  general  they  are  low  at  normal  and  high  pH  (about  pH  6) .  The  sulfide  and 
oxide  forms  have  the  lowest  solubilities.  A  need  exists  to  evaluate  potential 
use  of  sulfate-reducing  bacteria  for  in-situ  formation  of  sulfide;  therefore, 
precipitate  heavy  metals  from  solution.  In  contrast,  formation  of 
metal-organic  complexes  can  increase  the  solubility  of  metals,  then  the 
solution  can  be  collected,  pumped  above  ground  and  treated.  This  will 
expedite  the  cleanup  process  of  the  soil  and  perhaps  allows  for  metal  recovery 
and  reuse. 

Scope ; 

•  For  the  immobilization  technology,  a  6.1  research  is  needed  to 
evaluate  the  concept  in  laboratory  test  tube  study.  If  successful, 
soil  column  (a  6.1,  also)  can  then  be  initiated.  If  successful,  and 
once  the  limiting  factors  are  sorted  out,  a  6.2  research  using  larger 
scale  prototype  systems  should  be  conducted.  Eventually,  a  demo,  6.3 
study  should  be  conducted. 

•  For  the  moblllzatlon/recovery /treatment,  the  principals  behind  the 
technology  is  available.  This  technology,  however,  needs  further 
column  testing  using  actual  soils  from  a  hazardous  waste  site  polluted 
with  heavy  metals.  This  is  a  6. 1/6. 2  research.  This  study  will  lead 
to  a  full  scale  demo  (6.3  program). 

Output ;  Two  technologies  for  cost-effective  cleanup  of  soil  contaminated  with 
heavy  metals. 
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2.5.6  Heavy  Metals  Speciatlon  In  DERA/Superfund  Sites;  Priority  Level  4 

Background :  Impact,  toxicity  and  degree  of  bioaccumulation/biomagnification 
of  metals  depend  not  only  on  the  total  amounts  of  each  metal  but  also,  and 
probably  more  importantly,  on  the  forms  of  the  metal.  In  addition,  the  forms 
of  each  metal  change  depending  on  soil-water  or  sediment-water  environmental 
factors  such  as  pH,  Eh,  temperature,  dissolved  organics  and  the  amounts  and 
types  of  inorganic  anions. 


Scope: 

•  Develop  and/or  evaluate  analytical  techniques  for  determination  of 
metal  speciatlon  (6.1  program). 

•  Develop  and/or  evaluate  field  In-situ  methods  for  monitoring  the 
concentration  of  metal  species  (6.2  program). 

•  Develop  and/or  evaluate  mathematical  models  for  prediction  of  the 
forms  and  amounts  of  metal  species  in  soil  solution  (6.1  program). 

•  Demonstrate  model  prediction  and  field  methods  at  a  DERA  site  (6.3 
program) . 


Output : 

•  Availability  of  field  methods  such  as  fiber  optics,  X-ray  florescence 
to  measure  and/or  to  monitor  heavy  metal  concentrations. 

•  Availability  of  mathematical  models  for  prediction  of  the  fate, 
transport  and  transformations  of  metal  species  in  soils  and 
groundwater. 

•  Ability  to  predict  the  bioaccumulation/biomagnlf Icatlon  of  metal 
species. 

•  Cost-effective  cleanup  of  hazardous  waste  sites  contaminated  with 
heavy  metals. 

2.5.7  Field  Screening  Techniques  for  Soil  and  Water  Analysis  of  Volatile 
and  Semi-Volatile  Organic  Compounds;  Priority  Level  3 


Background;  Present  analytical  protocols  for  volatile  organics  are  time 
consuming  which  prevent  timely  determination  of  hazardous  levels  of  volatile 
and  semi-voIatlle  organics  in  environmental  samples.  Development  of  direct 
methods  for  field  determinations,  have  the  advantages  of  being  cost-effective, 
provide  for  early  detection,  evaluation  of  existing  problems  and  daily 
monitoring  of  cleanup  progress. 


Scope; 

e  Develop  and/or  evaluate  sample  preparation  techniques  and  field 

instruments  for  same  day  determination  of  volatiles  and  semi-volatiles 
organic  compounds  (6.1  program). 


JCife  Systems,  he. 


Test  protocols  in  the  lab  and  conduct  a  round  robin  test  (6.2 
program) . 

Demonstrate  field  sample  preparation  methods  for  soil  and  groundwater 
matrices  for  the  analysis  of  key  organic  compounds  found  in  fuel  and 
cleaning  solvents  at  DERA  sites  (6.3  program). 


Mobile  laboratories  equipped  with  field  instruments  and  sample 
preparation  apparatus  capable  of  preparing  and  qualitatively  and 
quantitatively  determining  key  volatile  and  semi-volatile  organic 
compounds  in  soil  and  water  matrices. 

Documented  procedures  for  screening  environmental  samples  for  volatile 
and  semi -volatile  organic  compounds. 
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APPENDIX  1 

FINAL  BIOTECHNOLOGY  WORKGROUP  AGENDA 


BIOTECHNOLOGY  WORKGROUP 


Agenda 


February  20,  1989 

6:00  -  8:00  p.m.  Reception  at  Hyatt  Regency  Monterey  Hotel 


Hors  D* oeuvres  and  Cash  Bar 


Technical  Sessions 


February  21,  1989  Chairperson  Lingua 

8:30  -  8:45  a.m.  Opening  Remarks/Introductions 


8:45  -  9:00  a.m. 


9:00  -  10:30  a.m. 


Administrative  Announcements /Workgroup 
Organization 

Biotechnology  R&D  Needs/Hazardous  Waste 
Problems  of  the  Military 

Service  Keynote  presentations: 


Reuter 


-  Navy  (2  presenters) 

-  Army 

-  Air  Force 


Lingua  & 
Wilkins 
Bartell 
Comette 


10:30  -  10:45  a.m.  BREAK 


10:45  -  11:45  a.m. 


Overview  of  Navy’s  On-Golng  and  Planned 
Biotech  R&D 


Hoeppel 

and 

Yamamoto 


11:45  -  1:00  p.m.  LUNCH 


1:00  -  2:00  p.m. 


Overview  of  Army's  On-Golng  and  Planned 
Biotech  R&D  (4  presenters) 


Sisk, 
Mlkuckl, 
Lee  & 
Iskander 


2:00  -  2:30  p.m. 


Overview  of  Air  Force’s  On-Golng  and  Planned 
Biotech  R&D 


Comette 


USEPA’s  Ongoing  and  Planned  Biotech  R&D  (2  presenters) 


2:30  -  3:15  p.m. 


-  USEFA’s  Hazardous  Waste  Engineering 
Research  Laboratory  Program 


Sferra 


contlnued- 
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Agenda  -  continued 


3:15  -  3:30  p .m. 


3:30  -  4:15  p.m. 


4:15  -  5:00  p.m. 


BREAK 

USEPA's  Ongoing  and  Planned  Biotech  R&D  -  continued 


-  USEPA  Robert  S.  Kerr  Laboratory's 
Program 

U.S.  Geological  Survey  Ongoing  and  Planned 
Biotech  R&D 


McNabb 


Ragone 


5:00  -  5:45  p.m. 


Biotechnology  Research  at  UCLA  Engineering 
Research  Center  for  Hazardous  Substances 
Control  * 


Monbouquette 


February  22,  1989  Chairperson  Chan 


8:30  -  9:15  a.m. 


9:15  -  10:00  a.m. 


In-sltu  vs.  plant/facility 
decontamination. 

Screening  criteria  for  in-sltu 
bloremedlatlon  of  contaminated  aquifers. 


Hlnchee 


Brubaker 


10:00  -  10:15  a.m.  BREAK 


10:15  -  11:00  a.m. 


11:00  -  11:45  a.m. 


Pilot  demonstration  project  on  enhancement 
of  microbial  degradation  of  groundwater 
and  soil  contamination  from  aviation 
gasoline  and  Jet  fuel  spills. 

Oxygen  sources  for  biotechnological 
appj icatlons . 


Armstrong 


Brown 


11:45  -  1:00  p.m.  LUNCH 

1:00  -  1:43  p.m.  Anaerobic  biodegradation  of  oils  and  lubricants  Relnhard 


1:45  -  2:30  p.m. 


2:30  -  3:15  p.m. 


3:15  -  3:30  p.m. 


Strategy  for  assessing  the  ability  of 
native  bacteria  to  biodegrade  JP-5 

Immobilization  of  lead,  cadmium  and 
mercx’ry  In  soil  sludge  and  aqueous 
solution. 

BREAK 


Arnold 


Revls 


3:30  -  4:15  p.m.  Blomonltorlng 


Kerfoot 


contlnued- 
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Agenda  -  continued 

4:15  -  5:00  p .m. 
5:00  -  5:45  p.m. 

5:45  -  6:00  p.m. 

February  23,  1989 

8:30  -  4:00  p.m. 
(One  hour  lunch 
break.  Coffee 
will  be  available 
but  no  scheduled 
breaks) 


Bioreactors 

Enhanced  in-sltu  aquifer  biorestoration 
of  halogenated  alkenes. 

Air  Force  Planned  Biotechnology  R&D 


Workgroup  Discussion  Involving  All  Attendees 
Discussions  will  be  focused  bn  the  following 
topics/questions  and  will  be  discussed  in  this 
order: 


e  What  additional  Information  should  be 
gathered/studies  performed  to  better 
answer  the  first  topic? 

c  What  are  apparent  "gaps”  in  on-golng 
R&D  work?  Within  DOD?  Within  entire 
research  community? 

e  Suggestions  on  approaches  to 

prioritizing  R&D  needs/opportunitles. 

•  Based  on  information  presented  to 

attendees  what  are  recommended  biotech 
R&D  projects? 


Plckwell 

Roberts 

Downey 


WORKGROUP  ATTENDEES  LIST 


Individuals  Making  Presentations 


Dr.  John  Armstrong 
2480  Gale  Road 
Ann  Arbor,  MI  4810f 

Dr.  Susan  Landon^Amold 
Northern  State  College 
Biology  Department 
Aberdeen,  SD  57401 

Mr.  Bob  Bartell 
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CETHA-TE-D 

Aberdeen  Proving  Ground,  MD  21010-5401 

Dr.  Dick  Brown  < 

Groundwater  Technology,  Inc. 

Chadds  Ford  West 
Route  1 

Chadds  Ford,  PA  19317 


Dr.  Alex  Iskander 
USA  CRREL 
75  Lyme  Road 
Hanover,  NH  03755-1290 

Dr.  Ravinder  Jain 
USA  CERL 

2902  Newmark  Drive 
Champaign,  IL  61820-130H 

Mr.  Henrv  Kerfoot 
Lockheed 

1050  E.  Flamingo  Road 
Las  Vegas.  NV  89109 

Dr.  C.  Richard  Lee 
USAE-WES 
P.O.  Box  631 
Vicksburg,  MS  39180 


Dr.  Gaylen  Brubaker 

127  Kingston  Drive,  Suite  105 

Chapel  Hill,  NC  27514 

Dr.  James  Comctte 
Senior  Scientist 
HQAFESC-RDV 
Tyndall  AFB,  FL  32403 

Mr.  Douglas  Downey 
Senior  Research  Engineer 
HQAFE.SC-RDV 
Tyndall  AFB,  FL  32403 

Dr.  Rob  Hinchee 

Battalia  Columbus  Laboratories 
505  King  Avenue 
Columbus,  OB  43201 

Dr.  Ronsld  Boeppel 

Neval  Civil  Engineering  Laboratory 

Code  L71 

Port  Hueneme,  CA  93043 


Ms.  Mary  Lingua 
Naval  Civil  Engineering 
Laboratory 
Code  L70PM 

Port  Hueneme,  CA  93043 

Mr.  James  McNabb 
Envlronmeutal  Protection 
Agency 

Robert  S.  Kerr  Environmental 
Research  Laboratory 
Ada,  OK  74820 

Mr.  Walter  Mlkucki 
USA  CERL 

2902  Newmark  Drive 
Champaign,  IL  61820-1308 

Or.  B.  G.  Monbouquette 
University  of  California 
St  Los  Angeles 
Chemical  Engineering  Depart. 
5531  Boelter  Hall 
Los  Angeles,  CA  90024 


cuntlnued- 


A2-2 


Dr.  George  Plckwell 
Code  321 

Naval  Ocean  Syicems  Center 
San  Diego,  CA  92152-2760 

Mr.  Steve  Ragone 

uses 

Mail  Stop  410 
National  Center 
Sunrise  Valley  Drive 
Reston,  VA  22092 

Dr.  Martin  Reiniiard 
Department  of  Civil  Engineering 
Stanford  University 
Stanford,  CA  94305-4020 

Dr.  Nate  Revls 
Director 

Oak  Ridge  Resear  h  Institute 
Oak  Ridge,  TN  37830 

Dr.  Paul  Roberts 
Department  of  Civil  Engineering 
Stanford  University 
Stanford,  CA  94305-4020 

Dr.  Patrick  Sferra 

U.S.  Environmental  Protection  Agency 
Risk  Reduction  Engineering  Lab 
26  West  Martin  Luther  King  Drive 
Cincinnati,  OH  45268 

Mr.  Wayne  Sisk 

USATHAMA 

CETKA-TE-D 

Aberdeen  Proving  Ground,  MD  21010-5401 

Ms.  Elizabeth  Wilkins 

Navy  Facilities  Engineering  Command 

Headquarters 

Code  183 

200  Stovall  Street 
Alexandria,  VA  22332-2300 

Dr.  Sachlo  Yamamoto 

Commander 

Code  52 

Naval  Ocean  Systems  Center 
San  Diego,  CA  92152-2760 
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Other  Attendees 


Dr.  Mick  Arthur 
Battelle  Laboratories 
Colucbus  Division 
505  King  Avenue 
Columbus,  OH  43201 

Mr.  Frank  E.  Bales 
U.S.  Army  Corps  of  Engineers 
Hazardous  &  Toxic  Waste  Treatment 
601  E.  12th  Street 
Kansas  City,  HO  64106 

Mr.  Bruce  Bauman 
American  Petroleum  Institute 
1220  L  Street,  NW 
Washington,  DC  20005 

Dr.  D.  B.  Chan 

Naval  Civil  Engineering  Laboratory 
Code  L71 

Port  Hueneme,  CA  93043 

Mr.  Brian  J.  Hausknecht 
Naval  Energy  and  Environmental 
Support  Activity 
Code  112  E 

Port  Hueneme,  CA  93043 

Dr.  Clemens  Meyer 

U.S.  Army  Corp.  of  Engineers 

20  Massachusetts  Avenue,  NW 

DAEN-RDM 

Washington,  DC  20314-RDM 

Dr.  Roy  Reuter 

ICAIR,  Life  Systems,  Inc. 

24755  Hlghpolnt  Road 
Cleveland,  OH  44122 

Mr.  Paul  Schatzberg 
Annapolis  Laboratory,  David  Taylor 
Naval  Ship  Research  and  Development 
Canter 
Code  2830 

Annapolis,  MD  21402 


Dr.  Ronald  Simms 
Utah  State  University 
Utah  Water  Research  Laboratory 
Civil  &  Environmental  Engineering 
Department 

Logan,  UT  84332-8200 

Dr.  Ed  Smith 
USA  CERL 

2902  Nevnnark  Drive 
Champaign,  IL  61820-1308 

Captain  Cathy  Vogel 
University  of  Arizona 
Civil  Engineering  Department 
Room  206 

Tucson,  AZ  85721 

Dr.  Rick  Watts 
University  of  Nevada  at  Reno 
Department  of  Civil  Engineering 
Reno,  NV  89557 
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PRESENTATION  BY  MS.  MARY  LINGUA 


NAVAL  CIVIL  ENGINEERING  LABORATORY 


2/14/89 


Point  Paper 
on 

Navy  Shore  Facllltlea  RDT&Z  Environmental  Program 

Fumoee:  The  purpose  of  this  paper  Is  to  provide  definition.  Information 
and  current  status  of  the  Navy's  Environmental  Protection  RDT&E  Program. 

Specific  details  are  provided  on  hazardous  waste  minimization  efforts. 

Naval  Civil  Engineering  Laboratory  Mission:  The  mission  of  NCEL,  as  promulgated 
by  NAVFACINST  5450. 92A,  is  to  be  the  principle  RDT&E  center  for  shore  and  fixed 
surface  and  subsurface  ocean  facllltlea  and  for  Navy  and  Marine  Corps 
Construction  Forces.  The  Environmental  RDT&E  Program  Is  designed  to  maintain 
Navy  compliance  with  legislation  such  as  RCRA,  CERCLA,  and  International  . 
treacles.  In  doing  so  the  Navy  will  be  allowed  to  continue  to  operate  without 
an  interruption  in  mission  requirements  throughout  the  world.  NCEL's  mission  in 
this  program  is  to  conduct  RDT&E  and  provide  leadership  in  Che  coordination  of 
Che  overall  Navy  RDT&E  efforts  relating  Co  Che  Navy  shoreslde  mission. 

Program  Organization:  The  Navy  Shoreslde  Environmental  RDT&E  Program  is 
organized  Into  5  major  functional  categories  for  purposes  of  program  management, 
and  to  facilitate  product  Implementation.  These  categories  are: 

**TechnoloE.v  Base  Development:  This  category  focuses  on  the  research 
and  development  Co  define  new  systems  and  system  processes  to  Integrate 
environmental  compliance  into  Navy  system  development.  Technology  base 
covers  a  varlaty  of  disciplines: 

•Biotechnology 
•Analytical  Procedures 
•On  Line  Diagnostic  Sensors 

♦^Pollution  Abatement:  This  category  focuses  on  the  testing  and  evaluating 
Che  reliability  and  life  cycle  costs  of  equipment  to  meet  future  and 
Impending  environmental  requirements. 

•Air  Emissions:  Volatile  Organic  Carbons  (VOC,  Treatment  technologies 
and  Environmentally  Acceptable  Coatings 
•Vater  and  Groundwater:  Non  Point  Source  Discharges 
•Spill  Contingency 
•Environmental  Effects 

♦♦Hazardous  Waste  Kinlmization:  This  category  focuses  on  operntlonall/ 

testing  systenu  and  components  to  eliminate  the  generation  of  hazardous  waste. 

•Industrial  Procedures  and  Supply  Policy 
•Industrial  Processes 

•Ordnance  Operations  and  Waste  Disposal 
•Emptylng/Claanlng/Derusclng  Bilges  and  Tanks 
•PalnClng/Scrlpplng  Operations 
•Boiler  Lay-up  and  Cleaning  Operations 
•Lubricants  and  Ocher  Fluids  Changeouts 
'IWTP  Reagents  Use  and  Reuse 


**InstaIlatlon  Restoration:  This  category  focuses  on  field  intensive 

testing  and  validation  of  cost •competitive  and  Innovative  remediation  techniques 

-Remediation  Technologies 
Biological 
Chemical 
Physical 

-Site  Restoration  And  Closure  Techniques 

-Integrated  assessment  and  Decision  tools 

★♦Occupational  Safety  and  Health:  This  category  focuses  on  the  development 
of  guidance  and  procedvtres  for  eliminating  Asbestos  and  Indoor  air  quality 
hazards  from  the  Navy  vorkplace. 

-Asbestos 

-Indoor  Air  Qtiallty 

Installation  Restoration  Program  Goal:  The  goal  of  this  RDT&E 
program  is  to  develop  processes,  equipment,  syst^sms,  and  procedures  to 
eliminate  the  hazards  and  liabilities  of  past  Na'/y  vaste  disposal  practices 
Emphasis  is  placed  on  Insitu  and  on  site  decontamination  technologies  which  wil' 
result  in  returning  the  contaminated  land  to  military  use. 

Current  Situation:  The  Navy  in  FYSB-R?  conducted  an  extensive  evaluation 
of  past  disposal  operations  at  shore  installations.  This  included  an  evaluation 
of  ongoing  remedial  investigation,  assessment  of  the  state  of  technology  and 
technological  projections  that  would  eliminate  long  term  liability  to  Che  Navy 
in  dealing  with  these  sites.  Exteiisive  technology  assessments  were  done  to 
identify  technologies  for  insitu  and  onsite  remediation.  The  following  are  the 
results,  of  this  evaluation. 

**  Navy  Installation  Restoration  is  best  represented  by  five  generic  waste 
types:  1. Organics  contamination  of  groundwater  and  soil 

2.  Combined  waste  in  landfills 

3. PCBS  and  Pesticides  contaminating  Groundwater  and  soil 

4. Ordnance -related  compounds  contaminating  groundwater  and  soil 

5. Heavy  metal  contamination  of  groxindwater  and  soll/sediments 

**  28  Technologies  were  identified  for  application  at  Navy  Sites.  These 
technologies  ranged  from  Pump  and  Treat  Systems,  Chemical  Fixation  Processes, 
Oxidation  Systems,  to  Biological  Treatment  Systems. 

★★The  Strategy  that  the  Navy  is  currently  pursuing  to  demonstrate  these 
technologies  is  to  develop  ROT&E  Projects  addressing  a  site  cleanup  demonstration 
with  the  technology  in  question. 

Current  status:  Currently  10  Installation  Restoration  RDT&E  projects  are 
underway  addressing  the  following  technologies: 

1.  Insitu  Blodegadatlon  of  Jet  Fuel  Oil 

2.  Insitu  Biodegradation  of  Gasoline 

3.  Chemical  Fixation  of  Heavy  Metals 

4.  Bioreactors  for  On-Site  Treatment 

5.  Composting/Blodegradatlon  Ordnance -related  waste 


6.  Chemical  Treatment  of  PCB  contaminated  soil  on  site 

7.  U7  and  Photochemical  Oxidation 

8.  Remote  Detection  techniques  of  Hazardous  waste  sites 

9.  Underground  fuel  spill  Cleanup  techniques 

10.  Biodegradation  Guidelines 

Joint  Efforts;  The  Navy,  Army,  Air  Force,  as  well  as  research  laboratories 
of  EPA  and  DOE  have  common  goals  to  develop  logical  solutions  to  maintain 
the  natural  environment  of  this  planet  and  eliminate,  in  the  Navy's  case, 
military-caused  environmental  concerns.  As  a  result  of  these  common  goals, 
expertise  and  systems  developed  by  other  agencies  are  utilized  and 
cooperativaly/Jolntly  evaluated  for  Implementation. 

This  Point  Paper  was  prepared  by  the  Naval  Civil  Engineering  Laboratory. 
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COMBINED  WASTE  TREATMENT 


FY  1989 

environmental  quality  technology 


ONGOING  AND  PLANNED  STUDIES  AT  NAVAL  CIVIL  ENGINEERING 
LABORATORY  PERTINENT  TO  ADVANCEMENTS  IN  BIOTECHNOLOGY 


by  Ron  Hoeppel 


Introduction 

Research  and  Development  in  the  Environmental  Protection 
Division  (Code  L71)  at  the  Naval  Civil  Engineering  Laboratory 
(NCEL)  has  emphasized  microbial  degradation/transformation  of 
organic  hazardous  wastes,  especially  those  that  are  most 
frequently  encountered  at  old  landfills,  storage  areas,  and 
fuel  farms  at  Naval  facilities.  Of  813  sites  at  101  Naval 
activities  identified  in  June  1987  as  requiring  RI/FS 
attention,  over  a  third  constituted  contamination  by  fuels, 
fuel  cils  and  other  petroleum  products;  nearly  lOX  of  the 
sites  are  contaminated  with  organic  solvents  (mostly 
chlorinated  alkanes  and  alkenes).  More  than  5X  of  Naval 
sites  are  contaminated  by  ordnance  wastes. 

The  Navy  is  purported  to  have  over  6,000  large  underground 
storage  tanks,  of  which  over  half  are  older  than  20  years  and 
more  than  15X  are  composed  of  concrete,  which  is  considered 
permeable  to  most  organic  fluids.  Over  75X  of  the  tanks 
contain  refined  oils  or  fuels,  such  as  gasoline  grades, 
diesel  grades,  and  jet  fuels  IJP-4  and  JP-5).  The  largest 
underground  tanks,  exceeding  50,000  gallon  capacities, 
usually  contain  jet  fuels.  The  number  of  tanks  that  are 
actually  leaking  is  unknown  at  this  time  but  the  above 
information  suggests  that  underground  storage  tank  leakage  is 
a  major  problem  for  the  Navy, 

Based  on  limited,  mostly  demonstration-scale  data,  on-site 
microbiological  methods  for  reclaiming  contaminated  soils, 
subsoils,  surface  waters  and  groundwaters  appear  to  be  some 
where  between  one-fourth  to  one-tenth  the  cost  of  most 
competing  technologies.  Ijn  situ  methods,  using  natural 
indigenous  microbiota,  should  be  the  most  acceptable  and 
least  costly  treatment  technique.  However,  high  variability 
and  poor  access  to  the  subsurface  environment  make  jji  situ 
bioreclamation  more  of  a  science  than  an  art. 

Not  all  hazardous  and  toxic  wastes  are  known  to  be 
biodegraded  in  an  acceptable  time  period  in  the  natural 
environment.  The  reasons  for  recalcitrance  are  many.  For 
most  petroleum  product  wastes  and  many  other  hydrophobic 
contaminants,  the  initial  problem  may  be  in  producing  a 
larger  surface  area  and  more  intimate  contact  between  the 
contaminant  molecules  and  microbial  cell  membrane.  Toxicity 
through  altering  metabolic  processes,  genetic  function,  or 
other  cytologic  systems  usually  commences  once  Intracellular 
uptake  occurs.  If  biotechnological  advances  can  produce 
”  superbugs '*  capable  of  degrading  metabol  leal  1  y  recalcitrant 


compounds  in  an  acceptable  time  frame  through  metabolic 
enhancement,  bioaugmentation  of  contaminated  sites  with  these 
microorganisms  could  accentuate  removal  rates  and  reduce 
costs.  If  recalcitrance  is  caused  mainly  by  accessibility  of 
contaminant  molecules  to  the  microbes,  then  innovative 
methods  for  increasing  contaminant  surface  area  per  unit 
volume  should  increase  degradation  rates,  especially  at  the 
higher  contaminant  concentrations.  Production  of  emulsifiers 
by  "superbugs"  is  an  example  of  a  biotechnological 
advancement  that  could  feasibly  solve  this  problem. 

Regardless,  i_n  situ  bioaugmentation  with  genetically  altered 
microorganisms  may  not  be  allowed  for  some  time  and  their  use 
in  degrading  complex  mixtures  of  organic  compounds  may  never 
become  practical.  The  thousands  of  compounds  formed  during 
degradation  of  fuel  mixtures  are  known  to  involve  complex 
consortia  of  microorganisms  and  hundreds  of  metabolic 
pathways.  Some  degradations  may  also  be  elicited  only  under 
changing  environmental  conditions  (e.g.,  fluctuating  redox 
potential).  Thus  iji  situ  and  aboveground  treatment  processes 
that  are  engineered  for  treating  wastes  through  sequential 
biological  or  combined  biotic  and  abiotic  (physicochemical) 
processes  must  also  be  developed.  Development  of  stable 
extracellular  enzyme  systems  and  studying  microbial  transport 
in  subsurface  environments  may  also  help  to  bridge  the  gap 
between  creating  bioengineered  microbiota  and  eventually 
using  them  in  the  field. 


NC£L  Biodegradation  Research 

Most  of  the  funded  research  studies  concerning  biotechnology 
applications  for  contaminant  removal  are  tied  into  actual 
site  cleanups,  using  funds  available  under  the  Defense 
Environmental  Restoration  Account.  The  sites  presently  being 
remediated  totally  or  in  part  by  NCEL  are  listed  in  Table  1. 

The  biorem«diation  technologies  being  used  at  each  field  site 
are  considered  to  be  innovative,  thus  requiring  extensive 
background  feasibility  and  treatability  studies.  Details  of 
each  site  bioremediation  and  the  basic  and  applied 
biotechnological  research  that  has  or  will  result  during  each 
field  site  cleanup  are  given  below. 


NCS  Thurso 

This  site  had  about  2200  cu  yds  of  organic  soils  that  were 
contaminated  to  a  depth  of  14  ft  with  about  1000  gallons  of 
*2  diesel  fuel.  The  chronic  leakage  contaminated  soil  under 
several  buildings  and  migration  from  the  primary  spill  site 
contaminated  down-gradient  surface  soils,  encompassing  an 
area  100  ft  wide,  150  ft  long,  and  about  6  ft  deep. 
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TABLE  1 


Biodegradation/Biotranaf oriration  Research  at  NCEL 
in  Support  of  Field  Site  Remediations 


Navy 

Activity 

NCS  THURSO, 
Scotland 


Date  Known  Methods  of 

Site  Initiated  Contaminants  Remediation 

Mar  85  #2  Diesel  *In  Situ  Sprink- 

Storage  (Completed  ler  Irrigation 

Tank  Leak  Oct  85)  *Trench  Leaching 

»Bioreactor,  Bio 
mass/  Surfact¬ 
ant  Additions 


PATUXENT 
RIVER  NAS, 
Maryland 


Fuel  Farm 
( Surface/ 
Subsurface ) 


Jan  87 


MCAGCC 
29-PALMS, 
Calif . 


Small  Spills  Aug 
at  Field  Stag¬ 
ing  Sites 
(Surface  Soil 
Spillage ) 


SEAL 

NWS, 


BEACH 
Calif . 


Gasoline 
Station 
Adjacent  to 
Saltmarsh 
(Subsurface) 


JP-5,  AVGAS, 
TCA,  TCE 


•Free  Product 
Pumping 
•In  Situ  Soil 
Venting  k 
•Bioreclamation 


88  JP-5,  Diesel , •Bioreactcr  with 

Lub  Oils,  VOC  Control 

Transmission  (Design  Stage) 
Fluids 


Nov  88  Gasoline  •Free  Product 

#2  Fuel  Oil?  Pumping 

•In  Situ  Soil 
Venting  A 
•Bioreclamation 


SUBASE  Site  D:  Nov  88  TNT,  RDX,  •Accelerated 

BANGOR,  Ordnance  Other  Nitro-  Natural 

Wash.  Disposal  Organics  Selection  of 

(Surface  Degraders 

Soil)  •Composting 


A  surface  soil  treatment  system  was  developed,  using  a  water 
injection  system  (5  ft  depth)  in  the  primary  spill  area  and 
surface  spray  irrigation  in  the  secondary  contamination  zone. 
Total  flow  rate  to  the  system  was  10  gpm.  Surface  runoff 
from  the  secondary  treatment  area  was  collected  in  a  trench 
and  the  water  recycled  upslope,  following  treatment  in  a 
bioreactor  and  clarifier;  both  the  primary  and  secondary 
treatment  areas  were  treated  with  recycled  water.  A 
prt  orictary  mix  of  microorga.nisms  {Poly-E  bacteria)  were 
added  to  the  bioreactor  by  the  contractor  (Polybac 
Corporation,  Allentown,  PA)  at  bicmass  loadings  of  5  pounds 
the  first  dav ,  1  pound  on  days  2  to  10,  and  0.25  pound  for 
the  rest  of  the  105  day  treatment  period.  Aromonium-nitrogen , 
inorganic  phosphate-phosphorus,  an  enulaifier,  and  air 
(oxyge;)  were  added  continuously  to  the  clarifier  at 
concentrations  of  5,  1,  5,  and  3  mg/1,  respectively.  The 
average  field  temperature  was  *3  degrees  C;  phosphate 
buffered  the  pH  between  6  and  7. 

This  reclamation  was  succ-'ssful  in  removing  up  to  SOX  of  the 
fuel  that  was  pumped  to  the  bioreactoi'  during  the  three  month 
study  period.  This  resulted  in  con\erting  a  merlty  and  oily 
affluent  into  a  clear  and  odorless  runoff.  Vegetation  soon 
developed  on  the  previously  denuded  soil.  Other  research 
projectf  were  not  conducted  at  the  site  due  to  insufficient 
analytical  backup  and  site  isolation. 

NAS  Patuxent  River 

Sand  subsoil,  groundwater,  and  surface  water  are  contaminated 
by  leakage  of  JP-5  jet  fuel  and  probably  aviation  gasoline 
froi-  the  main  fuel  far*.  Suspected  sources  are  five  100,000 
gallon  underground  concrete  tanki  and  one  560,000  aboveground 
®teel  tank.  A  spill  of  several  thousand  gallons  of  JP-5 
occurred  in  1976  and  recent  leakage  from  the  large  steel  tank 
was  discovered  and  corrected  in  late  1987.  Chronic  leakage  of 
aviation  fuel  is  thought  to  be  continuing  from  the  fuel  farm 
area.  Based  on  remedial  investigutions ,  including 
installation  and  monitoring  of  34  wells,  222  soil  gas 
analyses,  and  other  geophysical  investigations  of  a  30  acre 
area,  the  contamination  covers  about  lo  acres,  with  the 
heaviest  contamination  at  depths  of  10  to  15  ft.  A  nearby 
creek  interc.pts  a  confining  clay  horizon  that  lies  below  the 
contamination.  This  forces  contaminated  groundwater  and  free 
product  tc  the  surface,  polluting  adjacent  surface  water 
bodies.  Free  product  that  appears  to  be  weathered  JP-5 
occurs  at  the  fuel  farm  proper,  free  product  having  gasoline 
signatures  and  leas  weathering  is  found  1100  ft  northwest  of 
the  fuel  farm,  and  fresh  JP-5  has  saturated  a  couple  of  acres 
of  subsurface  sand  immediately  west  of  the  above-ground  JP-5 
tank.  Chlorinated  solvents  are  also  found  in  many  wells, 
with  concentrations  of  TCE  and  1,1,1  tr ichloroethane  of  up  to 
0.3  and  3  mg/1,  respectively.  Most  of  the  contamination  is 
present  in  Ice  Age  riverine  mixed  fine  sand  to  gravel  strata. 


Feasibility  and  treatability  laboratory  studies  were 
initiated  in  Spring  1987,  simultaneously  with  the  remedial 
investigations.  These  research  studies  are  ongoing.  Site 
remediation  is  planned  to  start  in  late  Spring  or  early 
Summer  1989.  Laboratory  research  studies  are  being 
conducted  mainly  by  universities  and  research  institutes. 
These  include:  University  of  Nevada  at  Reno  (Dr.  Rick 
Watts):  Skidaway  Institute  of  University  of  Georgia  (Dr. 

Dick  Lee);  University  of  North  Carolina  at  Chapel  Hill  (Dr. 
Fred  Pfaender);  and  Battelle  Columbus  Labs  (Drs.  Mickey 
Arthur  and  Rob  Hinchee).  Small  business  researchers  include 
Dr.  Eve  Riser  (microbiologist,  compiling  a  Users  Data 
Package)  and  Henry  Kerfoot  (geophysicist,  conducting  soil  gas 
analyses  and  research).  Large  consulting  firms  involved  in 
research  include  International  Technology  Corporation  (Lee 
Nesbit,  Judy  Becker,  Steve  Posten)  and  Groundwater  Technology 
Inc  (Dr.  Dick  Brown,  Mark  Hannish). 

The  University  of  Nevada  biological  studies  have  evaluated; 

(a)  biotic  versus  abiotic  factors  associated  with  hydrogen 
peroxide  treatment  of  the  subsurface; 

(b)  stimulation  of  fuel  biodegradations  by  addition  of 
alternate  carbon  sources  and  nitrogen; 

(c)  soil  venting  to  accentuate  biouegradation  rates,  and 

(d)  effect  of  different  hydrocarbon  concentrations  (mainly 
branched-chain  alkane  fraction)  on  biodegradation 
rates  and  hydrocarbon  degrading  populations. 


The  hydrocarbon  dilution  experiments,  using  VOC  vials  with 
septa  for  incubation  and  sterile  clean  sand  for  dilution, 
showed  that  degradation  rates  followed  a  somewhat  geometrical 
decline  with  increasing  concentrations,  as  shown  in  Figure  1. 
Hydrocarbon  concentrations  of  500  ppm  were  degraded  in  about 
75  days.  However,  when  initial  total  hydrocarbon 
concentrations  exceeded  800  ppm,  total  degradation  was  not 
attained  in  the  120  day  experiment  and  degradation  rates  were 
noticeably  reduced.  These  data  may  show  the  effect  of 
drastic  decreases  in  surface  area  to  volume  ratio  cf 
hydrophobic  contaminants  in  soil  matrices  when  concentrations 
increase  by  small  increments.  At  some  point  the  contaminants 
begin  to  fill  soil  pores,  which  greatly  reduces  the 
contaminant  surface  area  and,  likewise,  microbial  activity. 
The  soil  venting  study,  using  2~inch  diameter  soil  columns 
and  high  air  flow  rates,  resulted  in  almost  total  removal  of 
hydroca'-bon  contaminants  from  the  sand.  The  vapor  phase  has  a 
very  high  surface  area  to  volume  ratio  and  thus  should  be 
readily  biodegradable. 

The  Skidaway  Institute  research  evaluated  degradation  rates 
and  pathways,  using  carbon-14  labelled  compounds  (ring  and 
side  chain  labelled  for  aromatics)  Tor  contaminants  found  in 
fuels  (benzene,  toluene,  naphthalene,  methyl-naphthalene, 


(Oaytl  Tim#  (days) 

hydrocarbon  and  bacteria  concentrations  in  sand  on  hydrocarbon  degradation  rates. 


phenanthrene ,  and  hexadecane),  and  compared  these  data  to 
PAHs  not  found  at  the  field  site  (anthracene  and  fluorene). 
The  aromatic  compounds,  including  phenanthrene,  were 
completely  degraded  in  very  short  time  periods  (half-lives  of 
1  to  6  days)  when  added  to  previously  contaminated  sand  or 
pest  from  the  field  site  at  concentrations  of  1  to  2.5  ug/g 
substrate.  PAH  compounds  net  found  in  fuels  were  degraded 
very  slowly.  In  contrast,  hexadecane  was  degraded  three  times 
faster  in  uncontaminated  surface  sand  than  in  contaminated 
sand  from  the  fuel  farm.  Competing  substrate  utilization  may 
control  alkane  utilization  and  enzyme  induction  appears 
important  for  aromatic  degradations.  Future  research  will 
emphasize  biodegradation  pathways  for  branched-chain  alkanes 
and  cycloalkanes,  both  groups  being  important  in  aged  fuel 
contamination. 

Studies  at  Battelle  and  Groundwater  Technology  showed 
microbial  sensitivity  of  soil  hydrocarbon-degrading 
microflora  to  hydrogen  peroxide  concentrations  greater  than 
about  100  ppm  (even  10  ppm  for  some  groups).  Additionally, 
forced  aeration  to  unsaturated  sediment  in  1  ft  diameter  soil 
columns  was  as  effective  as  hydrogen  peroxide  in  adding 
oxygen  to  the  subsurface.  Battelle  screened  60  commercially 
available  surfactants  and  found  three  that  were  nontoxic  to 
hydrocarbon  degrading  microflora  while  mobilizing  the 
contamination  at  rates  superior  to  acetone  extraction.  These 
surfactants  will  be  used  in  upcoming  research  aimed  at 
increasing  biodegradation  rates  of  high  hydrocarbon 
concentrations.  Groundwater  Technology,  while  conducting 
microcosm  studies,  noted  abrupt  increases  in  hydrocarbon 
degradation  rates  in  contaminated  field  sand  after  120  days 
incubation.  This  increase  was  associated  with  a  ten  fold 
increase  in  the  aqueous  phase  hydrocarbon  concentration. 

This  suggests  that  natural  surfactants  may  play  an  important 
role  in  the  degradations  or  that  specific  consortia  of 
microorganisms  are  required  to  degrade  soluble  metabolites. 
The  relation  of  these  findings  to  those  of  the  University  of 
Nevada  will  be  evaluated  in  future  studies. 

Field  research  cunducted  during  remedial  investigations  at 
the  fuel  farm  included: 

(a)  comparisons  of  different  soil  gas  analysis  methods; 

(b)  comparisons  of  well  head  space  and  groundwater 
analyses  with  remote  soil  vapor  data;  and 

(c)  evaluations  of  field  analytical  procedures  (e.g., 
field  GC  data)  with  laboratory  analyaes. 

Moat  data  showed  highly  variable  concentration  patterns  in 
the  subsurface,  indicating  the  importance  of  micro¬ 
environments  and  microbial  interactions  on  degradation  of 
complex  mixtures  of  hydrocarbon  compounds.  Remote  soil  vapor 
data  proved  to  be  an  invaluable  semiquantitative  tool  for 
rapidly  and  coat  effectively  characterizing  the  subsurface 
near  the  Patuxent  River  fuel  farm.  Future  planned  work  may 
include  continuous  remote  monitoring  of  hydrocarbon  vapors 


and  carbon  dioxide  at  the  field  Pilot  Study  area  to  evaluate 
the  correlative  value  of  such  data  to  actual  site 
decontamination . 


MCAGCC  Twentynine  Palms 

The  Marine  Corp  Combat  Center  at  Twentynine  Palms i  which 
covers  an  area  almost  the  size  of  Rhode  Island,  has 
accumulated  approximately  40,000  cu  yds  of  hydrocarbon- 
contaminated  sand  and  sandy  soil  at  a  5  acre  storage 
facility.  The  annual  input  is  about  10,000  to  15,000  cu  yds. 
This  contamination  consists  mainly  of  diesel  and  JP-5  fuels 
but  also  includes  some  leaded  aviation  gasoline  (AVGAS), 
unleaded  gasoline,  #6  fuel  oil  (bunker),  lubricating  oils, 
transmission  fluids,  and  some  degreaser  solvents.  The 
contamination  comes  mainly  from  large  fuel  bladder  and  small 
storage  tank  leakage  as  well  as  soil  from  vehicle  washdown 
pads.  While  most  existing  contamination  is  weathered,  having 
set  at  the  storage  area  for  up  to  three  years,  new  materials 
are  being  added  regularly  and  the  pollution  sources  will  be 
continuous  for  many  years  to  come.  The  desert  climate  has 
promoted  volatilization  and  probably  inhibited 
biodegradation . 

A  permanent  treatment  facility  will  be  constructed  at  the 
base,  with  a  final  design  based  on  Pilot-scale  studies.  This 
facility  must  inhibit  the  release  of  VOCs  to  the  atmosphere 
and  is  planned  to  promote  biodegradation.  To  date, 
contaminated  soil  samples  have  been  collected  from  the 
storage  area  as  well  as  fresh  contaminated  sand  from  each 
main  source  area  of  contamination.  Hydrocarbon  degrading 
microbial  populations  have  shown  minimal  metabolism  in  the 
usually  dry  sandy  soils  of  this  desert  site.  Several  designs 
for  the  enclosed  treatment  facility  are  being  developed. 

The  pilot  studies  for  different  selected  treatment  systems 
will  follow  results  from  ongoing  laboratory  feasibility  and 
treatability  studies.  These  studies  are  being  conducted  at 
the  University  of  Southern  California  (Dr.  Joe  Devinny); 
AeroVironment ,  Monrovia,  CA  (Dr,  Kalique  Khan);  and  OH 
Materials  Corp,  Pindlay,  OH  (Paul  Flnthraan).  Field  pilot 
studies  will  probably  not  be  conducted  until  sometime  after 
next  year. 


NWS  Seal  Beach 

Contamination  at  Seal  Beach  is  leaded  gasoline  that  leoked 
from  an  underground  tank  at  the  base  gasoline  station  prior 
to  1983.  Analytical  signatures,  odor  and  specific  gravity  of 
free  product  indicate  that  the  site  is  also  contaminated  by 
diesel  fuel.  Moat  contamination  lies  Just  above  the  water 
table,  which  fluctuates  between  7  to  9  ft  depth.  Since  the 
site  la  adjacent  to  a  saltmarsh  (Seal  Beach  National  Wildlife 
Refuge),  groundwater  is  influenced  by  the  tides,  with  maximum 


fluctuations  of  0.5  ft.  The  subsurface  stratigraphy  varies 
from  tidal  clay  at  the  surface  to  sand  in  the  zone  of 
contamination.  The  clay  stratum  helps  to  prevent  rapid  water 
infiltration  into  the  shallow  aquifer  from  the  adjacent 
wetlands  and  ocean. 

Site  remediation  is  being  conducted  by  the  Navy  Energy  and 
Environmental  .Support  Activity  (NEESA).  Their  tentative  plans 
call  for  free  product  removal  from  extraction  wells,  soil 
vapor  extraction,  and/or  bioreclamation.  NCEL  will  be 
conducting  laboratory  feasibility  and  treatability  studies 
and  a  small  pilot  study.  The  research  areas  include: 

(a)  characterization  and  identification  of  aerobic  and 
anaerobic  gasoline-degrading  microorganisms; 

(b)  nutritional  regulation  of  gasoline  hydrocarbon 
metabolism; 

(c)  bacterial  mobility  and  survival  in  the  subsurface; 

(d)  hydrogen  peroxide  transport  and  reactivity  in  the 
subsurface ; 

(e)  influence  of  soil  physicochemical  characteristics  on 
biodegradation  kinetics;  and 

.•  (f)  anaerobic  biotransformation  of  fuel  hydrocarbons. 

Microbial  identifications  will  be  aided  by  use  of 
computerized  gel  electrophoresis,  which  separates  and 
categorizes  specific  microbial  proteins  following 
incorporation  of  radiolabelled  sulfur  into  their  structure. 
Information  concerning  mobility  and  survival  of 
microorganisms  in  the  subsurface  is  important  if 
microorganisms  are  added  to  in  situ  bioreclamations  to 
accentuate  contaminant  degradations.  Tracer  microorganisms 
would  be  added  to  laboratory  columns  of  different  soil  types. 
Conservative  tracer  microorganisms,  that  migrate  only  by 
passive  diffusion,  could  include  endospores  from  the 
anaerobic  gut  bacterium  Clostridium  perf ringena  or  spores 
from  Thermoactinomycetes  sp. ;  these  propagules  are  the  size 
of  bacteria  but  the  spores  germinate  only  at  elevated 
temperatures  and  on  highly  selective  media.  Growth  of  select 
hardy  and  sensitive  bacterial  strains  that  have  very  unusual 
metabolic  mutations  (e.g.,  resistance  to  two  antibiotics) 
would  measure  active  movement  of  bacteria  through  the 
subsurface.  The  aerobic  treatability  studies,  bacterial 
characterizations,  and  bacterial  mobility  studies  will  be 
conducted  at  the  Orange  County  Water  District,  Fountain 
Valley,  CA  (Dr.  Harry  Ridgway). 

Research  devoted  to  understanding  and  accentuating  anaerobic 
degradations  of  fuel  hydrocarbons  is  important  because 
movement  of  free  oxygen  into  contaminated  subsurface 
environments  Is  often  the  most  difficult  and  labor  intensive 
step  in  conducting  successful  situ  bioreclamations.  The 
proposed  research  will  concentrate  on  Increasing  the 
degradation  rates  of  simple  aromatic  hydrocarbons.  Since 
nitrate  can  serve  as  both  nitrogen  and  oxygen  sources  for 


nitrate  respiring  (denitrifying)  bacteria,  the  denitrifier 
group  (which  are  aerobes  in  the  presence  of  free  oxygen)  will 
be  emphasized.  However,  bacteria  that  use  other  reduced 
compounds  as  terminal  electron  acceptors  will  also  be 
evaluated,  Stanford  University  (Dr.  Martin  Reinhard)  and  the 
Army  Corps  of  Engineers  at  the  Waterways  Experiment  Station, 
Vicksburg,  MS  (Dr.  Doug  Gunnison)  will  be  doing  most  of  the 
anaerobic  work.  The  research  concerning  the  Seal  Beach  site 
has  just  been  initiated,  with  no  significant  results  as  yet. 


Subase  Bangor 

Highly  nitrated  compounds  such  as  munitions  (TNT,  RDX)  have 
not  been  shown  to  be  biodegradable  under  controlled 
laboratory  conditions.  However,  there  are  many  references  to 
complete  biodegradation  of  these  materials  in  natural,  poorly 
controlled  systems  involving  many  microorganisms.  The  white- 
rot  fungus,  Fhanerochaete  chrvsospor  ’  uia .  has  recently  been 
implicated  in  munitions  degradations  but  data  is  minimal. 

NCEL  will  attempt  to  further  the  present  knowledge  concerning 
biodegradation  and  biotransfor raation  of  munitions,  using 
contaminated  soils  from  an  ordnance  disposal  and  detonation 
area  (site  D)  at  the  submarine  base  near  Silverdale, 
Washington.  The  site  has  variable  soils,  composed  mainly  of 
glacial  till  and  underlying  clayey  subsoil,  both  of  which  are 
contaminated.  Most  of  the  contamination  is  restricted  to  the 
surface  soil  layers  at  this  site  and  the  major  method  for 
mobilization  is  from  surface  runoff  and  soil  erosion. 

Planned  research,  which  has  just  been  initiated,  will 
address  several  different  treatment  options  involving  bio¬ 
technology  for  the  main  treatment  mode.  These  include: 

(a)  analog  enrichment,  using  more  easily  degraded  chemical 
analogs  to  induce  enzyme  production  or  proliferation 
of  microorganisms  elliciting  degradation; 

(b)  anaerobic  degradation  that  might  promote  use  of 
nitro  groups  by  natural  microbial  populations  as 
terminal  electron  acceptors; 

(c)  coupling  of  different  specialized  preadapted  microbial 
populations  in  serial  arrangement  to  further  degrade 
intermediate  metabolites,  using  perhaps  varying  soil 
environmental  conditions; 

(d)  chemical  pretreatment  to  remove  one  or  more  nitro 
groups  that  seem  to  inhibit  enzyme  attack  on  the 
molecular  ring  structures;  and 

(e)  use  of  radiolabelled  munition  compounds  to  assess 
bacterial  and  fungal  degradation  pathways  in  complex 
soil  matrices. 

In  each  of  the  above  cases  a  preliminary  microbial 
characterization  would  be  conducted  and  analytical  procedures 
developed  for  determining  intermediate  metabolites.  Microbial 
determinations  of  the  field  site  are  ongoing  and  are  being 
conducted  by  ECOVA  Corporation,  Redmond,  WA.  Plans  are  for 
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Utah  State  University  (Dr.  John  Bumpus)  and  ECOVA  to 
conduct  fungal  and  bacterial  treatability  studies, 
respectively.  USATHAMA,  Aberdeen  Proving  Grounds,  MD  (Wayne 
Sisk)  will  monitor  and  evaluate  results  of  ongoing  field 
demonstrations  at  different  sites  where  composting  of 
ordnance  wastes  is  being  assessed.  The  EPA  Gulf  Breeze  (FL) 
Laboratory  (Dr.  Hap  Pritchard)  may  provide  peer  review  of 
these  studies. 

Suggested  Research  Topics 

Literature  reviews,  technology  assessments  and  research  being 
conducted  by  NCEL  have  shown  a  number  of  gaps  in  present 
knowledge  concerning  use  of  biotechnology  for  destroying 
hazardous  and  toxic  wastes.  These  gaps,  problem  areas  or 
suggested  treatment  techniques  are  discussed  below  by  type  of 
contaminant  or  treatment  method. 

Biodegradation  of  Fuels  and  Ref i .  ,  .  Oils 

Several  Navy  bioreclamations  will  be  evaluating  multiple 
treatment  schemes  involving  physical  treatment  by  soil 
venting  combined  with  conventional  biological  treatment.  We 
have  proposed  both  aboveground  and  in  situ  treatments  of  fuel 
contaminated  soils  that  combine  these  two  technologies  to 
reduce  fuel  concentrations  in  soil  at  the  most  rapid  and  coat 
effective  rates.  For  example,  soil  venting/stripping  have 
been  shown  to  be  effective  for  removing  gasoline  to  low  final 
levels  in  porous  media;  research  indicated  the  same  for  jet 
fuels  (JP-4,  JP-5).  Our  research  findings  have  shown  that 
JP-5  biodegrades  rapidly  when  soil  concentrations  are  less 
than  about  500  mg/kg  sand.  Besides  deciL<;a8ing  contaminant 
concentrations,  soil  venting/stripping  have  the  potential  for 
moving  oxygen  at  appreciable  rates  into  unsaturated 
subsurface  or  excavated  contaminated  soils.  Some  research  has 
shown  a  positive  correlation  betw&en  forced  vapor  extraction 
and  biodegradation  rate  but  hard  data  are  lacking. 

Figure  2  is  a  schematic  of  an  aboveground  bench  or  pilot- 
scale  treatment  system  that  uses  biodegradation  for  final 
removal  of  all  contaminant  phases:  vapor  phase,  emulsified 
phase,  water  phase,  and  adsorbed  phase.  This  system  would  be 
totally  contained  so  that  a  balanced  sheet  showing 
contaminant  routes  and  quantities  could  be  determined.  Such  a 
system  would  give  us  concise  information  about  the  efficiency 
of  vapor  extraction/bioreclamation  combined  treatment. 

The  described  soil  treatment  system  (STS)  outlined  in 
Figure  2  woula  consist  of  an  enclosed  vessel  or  small 
building  impermeable  to  liquids,  with  air  tightness  and  a 
slightly  negative  atmospheric  pressure  inside.  The  bottom 
(subflooring)  of  the  STS  would  be  equipped  with  air  lines 
connected  to  many  evenly  spaced  air  diffuser  blocks  and  water 
lines  would  be  connected  to  high  velocity  spray  nozzles. 
Hydrocarbon-contaminated  sand  from  field  sites  would  bo 
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placed  in  the  STS.  Treatment  would  occur  in  three  phases, 
the  first  two  in  the  enclosed  STS.  Phase  1  would  entail  air 
stripping  and  soil  venting  the  sandy  soil  to  remove  the 
volatile  hydrocarbons  (VOCs)  at  an  accelerated  rate.  The  air 
would  continuously  percolate  through  the  sand,  even  during 
phase  2,  and  initially  the  air  could  be  water  saturated  prior 
to  stripping  to  promote  biodegradation  activity.  The  air 
would  be  sucked  from  the  top  of  the  STS  and  diffused  in  a 
small  hioreactor  containing  a  sorptive  solid  such  as 
activated  carbon,  which  would  promote  biodegradation  of  the 
vapor  phase.  If  carbon  dioxide  inhibits  biodegradation,  an 
alkaline  trap  could  be  installed  before  the  vapor  phase 
bioreactor.  An  activated  carbon  or  ion  exchange  column  could 
be  used  to  trap  any  remaining  hydrocarbora  in  the  air. 

Phase  2  treatment  would  br  initiated  when  VOC  levels  in  the 
air  vented  from  the  STS  start  to  decline  noticeably.  This 
treatment  phase  would  concentrate  on  removal  of  remaining 
contamination  that  is  soluble  or  readily  emulsified  in  water 
containing  microbial  nutrients  and  a  nontoxic  biodegradable 
surfactant.  In  large  scale,  these  additives  could  be 
automatically  injected  into  the  final  tank  of  a  small 
wastewater  treatment  system,  which  would  elicit  primary  and 
secondary  treatment.  Water  would  be  pumped  initially  from  an 
external  source  but  most  water  would  be  recycled  through  a 
closed  loop  between  the  STS  and  the  wastewater  treatment 
plant.  High  pressure  injection  nozzles  beneath  the  STS 
should  churn  the  contaminated  liquified  sand  like  a  fluidized 
bed  biological  reactor.  Fine  particles  and  oil  would  be 
removed  from  above  the  sand  zone  and  this  effluent  would  flow 
by  gravity  back  tc  the  wastewater  treatment  system.  Oily 
sludge  Ihet  collects  in  the  primary  treatment  system 
(settling  tank)  could  be  reinjected  through  backflushing  into 
the  next  batch  of  contaminated  dry  soil  at  the  beginning  of 
phase  2  treatment.  This  sludge  should  contain  high  numbers 
of  acclimated  microorganisms  and  such  ("jection  could  speed 
up  acclimation  of  the  new  batch  of  sand.  Phase  3  is  initiated 
when  hydrocarbon  concentrations  in  STS  effluent  level  off. 
This  phase,  in  large  s<uxe,  entails  removal  of  treated  and 
drained  soil  from  tne  STS  and  further  treatment  like  a 
landfarming  operation.  Water  drained  from  the  STS  and 
nutrient u  would  be  added  periodically  to  induce  degradation 
of  che  more  recalcitrant  hydrocarbon  compounds.  This  phase 
would  require  minimal  management  since  the  sands  should  not 
contain  highly  mobile  fractions  that  would  readily 
contaminate  the  atmosphere  or  groundwater. 

Questions  to  be  answered  concerning  fg  situ  and  aboveground 
treatment  of  fuel-contaminated  soils  include: 

(a)  Can  VOCs  be  rapidly  degraded  in  bioreactors? 

(b)  Will  soil  venting/str) pplng  increase  biodegradation 
rates  in  situ  and  aboveground  when  both  procedures  are 
used  in  tandem? 

(o)  Will  biodegradable  and  nontoxio  surfactants  aid  or 
hinder  biodegradation  rates  when  used  in  situ  or 


aboveground? 

(d)  How  do  the  best  oxygenation  methods  for  saturated 

soils  compare  to  aeration  of  the  vadose  zone  in  terms 
of  contaminant  removal  rate  and  cost? 

Site  Moni toring  Problems 

Laboratory  data  obtained  by  the  University  of  Nevada  at  Reno 
and  field  data  obtained  at  the  NAS  Patuxent  River  fuel  farm 
indicate  that  soils  are  highly  variable  (thus  promoting 
highly  variable  degradation  pathways  in  microenvironments). 
These  data  also  indicate  that  we  need  to  further  assess  our 
analytical  capabilities.  EPA-approved  analytical  procedures 
developed  for  petroleum  may  be  totally  unacceptable  for 
analyzing  highly  volatile  fuels.  Also,  hov;  do  gas 
chromatograph  and  other  analytical  instruments  differ  in 
sensitivity  to  degradation  products  (having  different  water 
solubilities,  volatilities  or  soil  binding  energies)  and  how 
do  changing  sensitivities  affect  final  interpretation  of 
data  collected  routinely  during  a  bioreciamation? 

Microbial  Transport  and  Survival 

If  microorganisms  are  ever  to  be  considered  for  injection 
into  the  subsurface  during  iji  situ  remediations  to  enhance 
degradation  rates,  we  need  to  know  if  they  will  remain  viable 
or  be  mobile  enough  to  reach  the  contamination  zones  within 
an  acceptable  time  frame.  Some  research  indicates  that 
passive  diffusion  of  bacteria  sized  particles  through  soils 
can  be  very  slow,  even  through  sard.  Other  data  suggest 
rather  rapid  transport  of  viable  microorganisms  into  compact 
sandstones.  Additional  studies  need  to  be  conducted  to 
determine  if  injection  of  special  microorganisms  will  be  of 
value  for  treating  the  subsurface. 

Anaerobic  Degradation  Technology 

Information  and  technology  concerni.ig  degradation  pathways, 
rates  and  requirements  for  anaerobes  is  lacking.  Recent  data 
certainly  brought  anaerobic  wastewater  treatment  to  the 
forefront  while,  previously,  few  had  confidence  in  such 
systems  from  a  practical  standpoint.  Future  research  at 
varying  redox  potentials  may  likewise  make  anaerobic 
treatment  technology  practical  for  in  » i tu  degradations. 

Munitions  Degradation  Research 

Rescarcli  on  microbial  metabolism  of  highly  nitrated  munition 
compounds  and  wastes  is  far  behind  that  for  nitrated 
pesticides.  Findings  are  mixed  and  test  tube  data  seem  to  be 
different  from  results  obtained  with  munition-contaminated 
soils.  Although  biotransformations  of  these  compounds  occur, 
producing  even  more  toxic  or  mutagenic  products  (e.g.,  where 
nitro  groups  are  reduced  to  amino  groups),  it  is  not  well 
known  if  these  products  are  toxic  or  mutagenic  in  soils. 
Hicroorcsniams  tend  to  strongly  bind  many  harmful  compounds 
*nto  soil  organic  matter.  Further  research  may  be  needed  to 
evaluate  the  fate  of  munitions  compounds  in  different  soils. 


Tlma-Roaolved  Fluorescent  Decay  Spectra 
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Decay-times  of  PAHs  in  Seawater 
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Biotechnical  Hanagesent  of  Contaminated  Soil 

Charles  R.  Lee 
USAE-WES 
P.  0.  Box  631 
Vicksburg,  MS  39180 


The  Environmental  Laboratory  at  the  U.  S.  Army  Engineer  Vatervays 
Experiment  Station  is  currently  conducting  research  in  the  management 
of  contaminated  soils  to  minimize  contaminant  mobility  from  sites  of  concern. 
Research  is  evaluating  the  stabilization  of  contaminated  soil  to  control 
surface  runoff  and  migration  of  contaminants  into  groundwater  and  into 
focdchains  associated  with  installations.  Restoration  of  contaminated  soil 
is  evaluated  using  greenhouse  and  growth  chamber  plant  tests  and  rainfall 
simulator/  soil  bed  lysimeters  to  develop  relationships  of  vegetative  cover 
to  surface  runoff  water  quality.  Plant  uptake  of  contaainants  are  evaluated 
to  develop  management  strategies  to  control  migration  of  contaainants  into 
foodchains.  Use  of  plants  that  do  not  take  up  contaminants  eliminate 
potential  foodchain  Impacts.  Use  of  other  plants  to  take  up  and  clean 
contaminated  soil  is  also  being  considered.  Use  of  microorganisms  living  in 
the  soil  to  facilitate  biological  degradation  of  contaainants  is  being  studied. 
Use  of  activated  sludge  bacteria  for  degradation  of  organic  contaainants 
is  also  being  evaluated.  These  techniques  are  being  evaluated  for  potential 
application  at  installations  requiring  contaminant  remediation. 
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INTRODUCTION 


The  Cold  Regions  Research  and  Engineering  Laboratory  (CRUEL)  in  Hanover,  New 
Hampshire .  is  the  largest  cold  regions  research  organization  In  the  free  world. 
The  total  staff  of  CRREL  numbers  300,  including  more  than  100  research  scientists 
and  engineers.  The  technical  staff  includes  civil,  hydraulic,  electronic, 
chemical  and  mechanical  engineers;  life  scientists,  chemists,  geographers, 
geologists,  geophysicists,  glaciologists,  hydrologists,  meteorologists,  and  soil 
scientists.  About  10  percent  of  CRREL's  technical  staff  members  are  specialists 
in  waste  disposal  and  treatment,  particularly  in  cold  climates.  Because  of  its 
specialized  cold  regions  mission,  CRREL's  research  facilities  are  unique.  CRREL 
has  25  coldrooms,  six  chemistry  Icboratories ,  two  physics  labs,  soil  physics  and 
?oil  chemistry  labs,  a  complex  fcr  soil  studies,  a  modem  computer>controlled 
Frost  Effects  research  laboratory,  a  large-scale  soil  decontaminating  freezing 
facility,  several  electronics  labs  with  highly  specialized  equipment,  two  walk- 
in  growth  chambers,  a  greenhouse,  two  clean  rooms  (Class  10,000  rooms  with  Class 
100  work  areas),  and  field  prototype  test  facilitlas.  Also  available  for 
research  are  the  following: 

a.  Modem  laboratory  and  field  instrumentation  for  physical  and  chemical 
characterization  of  toxic  and  hazardous  materials. 

b.  Remote  sensing  and  geophysical  instrumentation. 

c.  Complete  facilities  for  field  sampling  and  analysis  of  plant,  coil,  water 
and  sir  samples. 

d.  Complete  facilities  and  expertise  for  mathematical  modeling  and  data 
analysis. 

e.  High-speed  mainframe  computer,  computer  workstations ,  and  PCs. 

f.  Dual-energy  gamma-ray  device  for  nondestructive  testing. 

The  following  is  a  brief  summary  of  CRREL's  recently  completed,  ongoing  or  future 
R&O  related  to  biotechnology. 


RICENTLT  COMPLETED  R&O  RELATED  TO  BIOTECHNOLOCT 

A.  land  Treatment  Program:  During  the  period  from  1973  to  1982,  CRREL 
conducted  a  major  R&D  program  on  *Land  Treatment  of  Municipal  Vastewatar."  The 
objective  was  to  provide,  through  research,  definitive  criteria  and  procedures 
to  enablu  the  coat-effactlve  and  environmentally  safe  treatment  of  waetewater 
by  soil.  For  the  first  time,  the  term  *land  treatment*  vs.  "disposal”  was 
rationally  defined.  Three  different  types  of  waste  applications  were  identified 
and  studied  in  detail:  alow  rate,  overland  flow  end  rapid  rate  systems. 

To  maxlitiza  application  rates  without  affecting  ground  and  surface  water 
quality,  it  was  necessary  to  understand  the  physical,  chemical  and  biological 
processes  that  took  place  in  each  system.  Nitrogen,  for  instance,  was  found  to 
be  the  llisltlng  factor  for  high- rate  application  in  slow  rate  systems. 
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Therefore,  the  biological-chemical  processes  of  the  N  cycle  in  soil  under  the 
conditions  of  wastewater  land  treatment  were  studied.  Stable  isotope'^N  was  used 
to  determine  the  kinetics  of  nitrification,  denitrification,  immobilization, 
mineralization  and  plant  uptake.  Several  nitrogen  models  were  developed  and 
evaluated  to  varying  degrees  (Iskandar  1981). 

In  addition  to  nitrogen,  phosphorus  and  some  volatile,  semi-volatile  or 
explosive  residue  (such  as  TNT)  were  also  studied.  The  findings  from  these 
studies  were  published  in  series  of  more  than  240  journal  articles,  government 
reports,  symposia  proceedings,  book  chapters  and  a  textbook,  for  a  list  of 
publications,  see  Iskandar  and  Vright  (1983), 


3.  Fate  and  Effect  of  Crude  Oil  Spilled  in  Alaska:  In  1976,  CRR£L  and  EPA 
jointly  conducted  field  experiments  in  Alaska  where  2000  gallons  of  oil  was 
intentionally  spilled  on  the  tundra.  The  objectives  were  to  study: 

1.  Tne  movement  of  the  oil  downslope  with  time. 

2.  Downward  movement  of  oil  in  soil. 

3.  .  Biological  degradation  processes. 

4.  Botanical  effects  of  oil  contamination. 

It  was  concluded,  that  evaporation  of  volatile  components  of  oil  was  the  most 
significant  natural  weathering  process  during  the  first  two  years.  C,  and  C, 
components  were  lost  from  surface  oil  in  the  first  24  hours,  with  only  small 
concentrations  of  components  (smaller  than  C,)  present  after  five  months. 
Somewhat  slower  evaporation  of  volatiles  from  oil  was  carried  deeper  into  the 
soil  profile. 

The  indigenous  soil  microbial  populations  responded  differently  to  winter 
and  summer  oil  applications.  The  responses  ranged  from  inhibition  to 
stimulation,  with  stimulation  of  growth  and  activity  appearing  to  predominate. 

Vegetation  showed  both  Immediate  and  long-term  damage  effects  from  oil. 

Details  may  be  found  in  CPPEL  Report  80-29  by  Johnson  ec  al.  (1980)  or  in 
EPA  600/3-80-040,  March  1980. 

C,  Removal  of  Volatile  Organics:  The  efficiency  of  soil  in  removing  up  to 
sixteen  organic  substances  from  wastewater  was  studied  in  large  scale  prototypa 
systems  simulating  alow  rate  and  overland  flow.  In  the  slow  rate  system,  the 
concentration  of  organics  in  the  applied  water  was  about  50  Hg/L  each,  up  to  70% 
of  Che  volatile  organics  were  lost  to  Che  atmosphere  during  spraying,  In  the 
soil,  additional  removal  occurred  by  oiodegradation-blotransformation.  PCB's 
and  dlethylphthalace  were  the  moat  persistent.  For  more  details  on  this  study, 
see  Parker  et  al.  (1984). 

In  the  overland  flow  experiment  (Jenkins  et  al.,  1985),  the  spiked  was  tswatar 
was  applied  at  the  cop  of  a  slope  of  inclosed  test  cells  and  was  allowed  Co  run 
slowly  on  the  grass  covered  shallow  soil.  Mors  Chan  94%  of  each  subatanca  was 
removed  at  an  application  rate  of  0.4  cm  hr'*.  The  percent  removals  declined  as 
application  rates  were  increased.  Removal  from  solution  was  described  by  first- 
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order  kinetics.  A  aodel  based  on  the  two  film  theory  was  developed  using  three 
properties  of  each  substance  (the  Henry's  Constant,  the  octanol-water  partition 
coefficient  and  the  noiecular  veight)  and  two  system  parameter  (average  water 
depth  and  residence  time). 

We  believe  that  this  technology  can  be  used  for  cleanup  of  volatile  organic 
contaminated  groundwater. 


ON-GOIKS  a&C  ON  TOXIC  A:n>  EAZAROOUS  WASTE 

A.  Methods  for  Analysis  of  Explosives-Contaminated  . Soils:  CRRZL developed 
and  evaluated  a  nuaher  of  analytical  methods  for  identification  and 
quantificatl.on  of  military  explosive  residues  in  soils,  sediments,  waters  and 
plant  materials.  This  research  was  Initiated  in  1980  and  is  funded  by  US  .Amy 
Toxic  and  Hazardous  Materials  Agency  (THAMA)  A  list  of  published  papers  and 
reports  is  attached  (Appendix  A).  The  contaminants  of  Interest  include  TNT,  RUX, 
HMX,  and  tetrazine.  Sample  collection,  handling  and  extraction,  as  well  as 
statistical  CTeatment  are  also  being  studied. 

B.  Fiber-Oatle  Sensors:  THAMA  is  funding  a  basic  research  to  develop  and 
evaluate  fiber-optic  sensors  for  In-situ  measurement  of  TNT  in  groundwater. 
CS21EL  also  signed  an  agreement  with  a  private  corporation  to  evaluate  the 
performance  of  its  senscr  for  detecting  volatile  and  nonvolatile  compounds  in 
soils . 


C.  Mathenutl cal  Models:  As  a  follow-up  to  the  land  treatment  modeling 
effort,  CRUEL  continues  to  improve  this  technology.  Currently,  we  are  focusing 
on  the  face  of  heavy  metals  such  as  Ni,  Cr  and  Cd  in  soils.  Atteorpts  are  being 
made  to  obtain  model  parameters  from  batch  studies.  The  water  submodel  for  the 
heavy  metal  model  under  development  is  similar  to  Che  one  developed  under  Che 
land  treatment  program.  Our  near- future  interest  is  to  develop  a  model  for  Ri>X 
and  TNT  transport  and  craruformatlon  in  soils. 

D.  Cogpcscing  of  Soil  Contaminated  with  TITT:  THAMA  asked  CRREL  to  evaluate 
the  impact  of  low  cemperat'ira  on  the  engineering  aspects  of  composting  TNT 
contaminated  soils.  This  study  has  just  been  initiated. 


rarmx  plans 

In  the  absence  of  environmental  data  on  toxicity  and  environmental  effects, 
regulations  tend  to  be  conservative,  and  compliance  is  often  unnecessarily 
coptly.  Therefore,  developing  a  better  understanding  of  the  release, 
transformation  end  transport  characteristics  of  contaminants  in  soils  Is  a  timely 
end  imporcanc  concern.  By  the  same  token,  unless  we  are  able  to  analyze  for 
the  concamitiant  with  a  certain  degree  of  confidence,  Che  information  wa  obtain 
or  predict  will  be  questionable.  CRREL  will  concentrate  on  the  following  four 
topics; 


A.  Analytical  Me chodology :  Continue  ongoing  activities  of  method 
development,  evaluation  and  standardization.  Develop  and/or  evaluate  field 
methods  for  volatile  organics.  Continue  current  effcrt  on  sample  collection, 
preservation,  processing  and  data  analysis. 

B.  .Mathematical  Models:  Expand  on  existing  models  to  include  groups  of 
organics/inorganics  or  energetic  contaminants.  Initial  research  vill  concentrate 
or.  leaching,  sorption  and  release  chemistry  according  to  THAMA's  need  and  field 
sampling  techniques. 

C.  Eyaluation  of  Chemical  Sensor  Ferfprrtance  Under  Freezing  and  Frozen  Soil 
Conditions :  Currently,  we  have  sensors  for  temperature  and  conductivity 
installed  and  evaluated.  Ocher  sensors  for  chloride  and  volatile  organics  in 
soil  and  TNT  in  groundwater  are  being  acquired  and  will  be  tested. 


Cle.inup  of  toxic  and  hazardous  waste  sices  in  cold  regions  may  be  different  than 
in  non-cold  regions.  For  example,  we  learned  from  the  oil  spill  experiment,  that 
it  is  more  advantages  to  leave  the  site  as  is  Chan  disturbing  the  tundra  and 
permafrost.  Therefore,  the  methods  developed  for  sice  restoration  in  non-cold, 
regions  should  be  researched  and  adopted  to  the  cold  areas. 
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Pathway  of  1,4-dichlorobenzene  degradation 


AIR  FORCE  ENGINEERING  SERVICES  LABORATORY 
Biotechnology 

Biodegradation  Research  Program 


Objectives : 

The  objectives  of  the  Engineering  and  Services  Laboratory  biotechnology 
research  program  are  to:  (1)  discover  the  biochemical  mechanisms  that  control 
biodegradation  of  Air  Force  pollutants  in  groundwater,  soil,  and  aquatic 
habitats,  (2)  develop  microorganisms  with  enhanced  ability  to  biodegrade  Air 
Force  fuels,  chemicals,  and  hazardous  wastes,  and  (3)  to  predict  the  behavior 
of  pollutants  in  the  environment  based  on  knowledge  of  biodegradation. 

Background: 

Removal  of  subsurface  contaminants  in  landfills  and  waste  sites  is  a  major 
concern  for  the  Air  Force.  Currently,  several  billion  dollars  per  year  are 
being  spent  on  cleanup  and  disposal  of  hazardous  wastes  by  the  Department  of 
Defense.  Most  of  the  effort  involves  pump-and-treat  technology  or  transport 
of  contaminated  material  to  landfills.  Biological  treatment  offers  a 
permanent  and  less  expensive  solution  to  the  contamination  problem  because 
microorganisms  convert  toxic  organic  compounds  to  harmless  products  such  as 
carbon  dioxide  and  water.  Recent  advances  in  biotechnology  allow  the 
development  of  new  biological  processes  for  the  degradation  of  hazardous 
chemicals.  Biodegradation  of  such  wastes  can  be  carried  out  either  in  situ  or 
in  aboveground  treatment  systems. 

Successful  use  of  microorganisms  for  degradation  of  hazardous  wastes 
requires  specific  organisms  able  to  mineralize  the  waste  components. 
Microorganisms  able  to  degrade  natural  chemicals  have  been  studied 
extensively.  In  contrast,  little  is  known  about  microorganisms  able  to 
degrade  man-made  chemicals,  such  as  the  halogenated  solvents.  Some  man-made 
chemicals  are  not  known  to  be  biodegraded,  whereas  others  are  only  partially 
degraded  or  degraded  by  certain  specialized  bacteria  or  fungi.  The  initial 
objective  of  the  research  described  below  is  to  develop  microorganisms  able  to 
degrade  specific  chemicals  or  groups  of  chemicals.  Emphasis  will  be  placed  on 
substituted  aromatic  compounds.  Finding  the  organisms  is  only  the  first  step 
in  the  development  of  a  treatment  process.  The  biochemical  pathways, 
intermediates,  kinetics,  and  regulation  must  be  understood  before  the  process 
can  be  optimized  and  made  predictable.  In  addition,  the  organisms  themselves 
should  not  perturb  the  natural  functions  of  the  ecosystems  into  which  they  are 
introduced. 

Present  Program  Status: 

The  Engineering  Services  Laboratory  biodegradation  research  program 
involves  both  in-house  and  contract  research  with  universities,  federal 
agencies,  and  other  research  organizations.  The  in-house  program  examines 
basic  technical  aspects  of  biodegradation,  including  strain  construction, 
regulation,  biochemical  pathways,  intermediates,  and  kinetics.  In  addition, 
both  formal  and  informal  ties  have  been  established  with  major  universities 
for  purposes  of  exchanging  technical  information  on  biodegradation.  Because 
the  details  of  biodegradation  are  well  understood  for  some  chemical  compounds, 
the  program  also  involves  laboratory  testing  and  field  demonstration  of 
biodegradation  concepts  and  techniques. 
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CONTAMINANT  PROFILE 
(VERTICAL  &  HORIZONTAL) 


PRESENTATION  BY  DR.  PATRICK  SFERRA 


Biotechnology  Research  and  Deveiopnent 
Risk  Reduction  Engineering  Laboratory:  US  ERA 


P.  R.  Sferra,  Ph.D. 

"»“  =  rcovs  “•■;»£'re  Treatnent  Branch 

rw.ij.  _ L-:.  Engcneerinc  _~coratc-'; 

U.  S.  Environmental  Protection  Agency 
Cincinnati,  Ohio  45266 


The  ERA'S  Risk  Reduction  Engineering  Laboratory’’  is 
conducting  a  variety  of  research  projects  to  control  hazardous 
pollutants  by  biodegradation  processes-  The  aibility  of  some 
naturally  occurring  microorganisms  to  adapt  to  the  presence  of 
xenobiotic  chemicals  and  break  them  down  has  been  known  for  many 
years.  On  the  expectation  that  intentional  use  of  degradative 
microorganisms  specifically  to  destroy  polluting  compounds  can  be 
developed  as  a  technology  that  would  be  cost-effective  and 
environmentally  safe,  the  EPA  has  been  fiinding  biotreatment 
researcn  projects-  Tne  attempz  is  made  co  cover  an  entire 
invesrigative  range  with  a  balance  of  projects  that  include  the 
search  for  useful  naturally  occurring  species  or  strains,  the 
biochemical  and  genetic  characterization  of  potentially  useful 
organisms,  strain  improvement  through  enhanced  adaptation  and  ge¬ 
netic  engineering,  kinetics  and  optimizing  studies,  laboratory-, 
pilot-,  and  field-scale  testing,  the  application  of  engineering 
techniques  to  develop  the  control  technology  for  the  ultimate  use 
of  biotreatment,  demonstrations,  the  development  of  testing 
protocols,  biosafety,  and  technology  transfer. 

The  mission  of  the  Laboratory  is  to  provide  an 
authoritative,  defensible  engineering  basis  in  support  of  the 
policies,  programs,  and  regulations  of  the  EPA  with  respect  to 
drinking  water,  wastewater,  pesticides,  toxic  sxabstances,  solid 
i-nd  hczi-rccuc  Vcsoes,  and  S'Uperfund-reiated  activities. 

The  Risk  Reduction  Engineering  Laboratory  of  the  U.S. 
Environmental  Protection  Agency  is  the  result  of  a  recent 
reorganization  that  combined  the  former  Hazardous  Waste 
Engineeri.ng  Research  Laboratory  and  the  Water  Engineering 
Laboratory.  Through  previous  reorganization*^  these  two 
laboratories  evolved  from  the  former  Indust  .1  Environmental 
Engineering  Laboratory  and  ths  Municipal  Engineering  Research 
Laboratory,  respectively.  The  present  laboratory,  RREL,  is 
located  in  a  seven  story  concrete  building  built  in  1975  in 
Cincinnati,  across  the  street  from  the  main  campus  of  the 
University  of  Cincinnati. 

The  Laboratory  has  Divisions  dealing  with  (1)  Drinking 
Water,  (2)  Superfund  Technology  Demonstration,  (3)  Water  and 
Hazardous  Waste  Treatment,  and  (4)  Waste  Minimization, 
Destruction,  and  Disposal  Research. 


Ten  years'  ago,  "In"r5'7$,  zhe  preaecesscf  TSE"; 
initiared  suppcrr  for  research  in  degradation  by  biological 
processes.  Early  on.  the  goals  of  a  program  of  biological 
destnicticn  of  hazardous  wastes  were  simple  and  directly  related 
to  the  mission  of  the  laboratory.  These  goals  were  (1)  the  in 
situ  detoxification  of  hazardous  waste  sites,  and  (2)  the  control 


kz  that  tics  because  of  heovy-  notoriety  it  would  have  been 
expedie.nt  to  come  up  with  a  means  of  destroying  or  detoxifying  a 
particular  polluting  compound  the  whole  world  had  become  aware 
of,  i.e.,  2 , 3 , 7 , 8-TCDD.  The  early  support  from  this  Laboratory 

to  do  research  in  biodegradation  went  to  Dr.  A.  M.  Chakrabarty  at 
the  University  of  Illinois  Medical  Center  in  Chicago  where 
attempts  were  made  to  modify  microorganisms  so  that  they  would 
have  t;.c  abiZity  to  degrade  dioxin. 

Chakrabarty 's  approach  was  to  place  strains  of 
microorganisms  from  hazardous  waste  sites  in  a  chemostat,  add 
certain  plasmids  and  nutrients  and  gradually  replace  certain 
t.-.ericals  in  thn  hrre  that  the  crcaniscs  would  adapt  to  the  new 
cnenicai  cr  chemicals.  This  siiue  snows  one  of  the  cnemostat 
set-ups  in  Dr.  ChakrcsZoarty ' s  lab.  Over  a  period  of  time  Dr. 
Chakrabarty ' s  chemostat  yielded  a  pure  culture  of  Pseudomonas 
that  was  able  to  get  its  carbon  solely  from  2,4,5-T  molecules. 

The  strain  was  named  Pseudomonas  cemacia  ACllOO  and  the  method 
utilizing  the  chemostat  was  named  "Plasmid  Assisted  Molecular 
Breeding".  The  next  step  was  to  attempt  to  get  the  strain  to 
adapt  to  a  dioxin.  The  support  for  Dr.  Chakrabarty  continued 
with  a  second  Cooperative  Agreement  and  he  was  made  a  Visiting 
Scientist  to  the  Laboratory  in  Cincinnati.  The  intent  was  to 
establish  a  working  research  laboratory  that  did  much  the  same 
kind  of  research  that  was  done  in  Dr.  Chakrabarty ' s  laboratory  in 
Chicago  with  Dr.  Chakrabarty  overseeing  the  investigations  as  a 
Visiting  Scientist  for  a  certain  percentage  of  his  time. 

This  secc.-.u  Cooperutive  Agreement  was  titled  "Construction 
and  Detection  of  Genetically  Engineered  Microorganisms"  and  by 
the  time  it  started  much  chemostat  work  had  been  performed  in  the 
search  for  a  dioxin  destroyer  but  this  work  was  not  successful. 
New  approaches  were  tried  in  the  new  laboratory  in  RREL  in 
Cincinnati  and  in  time  a  modified  version  of  strain  ACllOO  was 
developed  with  the  capability  of  degrading  2,4, 5-T  and  2,4-D. 

This  organism  will  be  used  in  a  combined  chemical-biological 
treatment  experiment  to  clean  up  stored  wastes  and  contaminated 
soil  at  an  abandoned  herbicide  manufacturing  facility. 

The  Laboratory  soon  was  funding  other  projects.  At  the 
University  of  Cincinnati  Dr.  John  Loper  was  funded  to  gene- 
engineer  yeast  for  use  in  hazardous  waste  removal.  The  intent 
was  to  take  advantage  of  particular  P-4  50  gene  systems  that  coded 
for  the  capability  of  detoxicating  chlorinated  aromatic  hydrocar¬ 
bons  like  dioxins.  Dr.  Loper  and  his  group  became  quite  expert 
in  working  with  the  P-450  gene  system  in  yeast  but  unfortunately 
this  Cooperative  Agreement  had  its  funding  cut  off  during  a 
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?er£6d"Ti;h6ti''tir6 gsrs  'tnteresteg-ln" "projects  ttiae  weie 
nearer  f ield-tesring. 

In  1984,  the  Laboratory  awarded  funds  by  means  of  a 
Cooperative  Agreement  to  Dr.  Steven  Aust  at  Michigan  State 
University  to  investigate  the  feasibility  of  using  the  white  rot 
fungus  in  pollution  control.  The  fin^gus  produces  a  system  of 
non-spec-iic  enzyses  ur.at  wperate  excrac€._iUj.Qrly  in  the  break¬ 
down  of  lignin.  If  the  enzymes  were  powerful  enough  to  break 
down  lignin  then  it  was  theorized  that  they  might  have  the 
capacity  to  break  do%m  chlorinated  aromatic  pollutants.  Dr.  Aust 
and  Dr.  John  Bumpus,  his  coworker,  soon  published  on  this 
capability  and  white  rot  fungus,  Phanerochaete  chrvsosDorium. 
became  a  hot  item  for  pollution  control  showing  the  promise 
according  to  some  people  that  it  could  do  it  all.  Dr.  Aust's 
degradation  data  were  based  on  the  ability  of  the  fungus  to 
degrade  chemicals  in  the  aqueous  solution  type  of  culture  of  the 
fungus.  The  group  continued  to  study  the  fungus,  trying  to 
determine  optimum  conditions  for  its  use  as  a  degrader, 
characterizing  as  much  as  possible  the  degradation  pathways,  and 
seeking  ways  to  increase  enzyme  production.  Dr.  Aust  moved  to 
Utali  State  University  where  he  is  heading  a  biotechnology 
institute.  His  funding  continued  for  a  time  at  Utah  then 
suffered  the  same  fate  as  Or.  Loper's  because  the  work  was  too 
much  basic  research  and  was  not  field  ready.  Drs.  .\ust  and  Loper 
were  very  productive,  both  research  groups  published  a  number  of 
peer-reviewed  papers  as  a  result  of  funding  from  PJIZL. 

Other  work  on  white  rot  fungus  is  being  funded  by  the 
Laboratory.  One  project  that  studies  field  conditions  to  develop 
the  technology  is  going  on  at  the  U.S.D.A.  Forest  Products  Lab¬ 
oratory  in  Wisconsin.  Here,  Or.  T.  Kent  Kirk,  is  directing  the 
work.  Another  project  is  studying  the  enzymes  at  the  State 
University  of  New  York  in  Syracuse  xinder  Dr.  Kenneth  Hammel. 

More  recently  the  Risk  Reduction  Engineering  Laboratory 
entered  into  a  Cooperative  Agreement  with  the  University  of  Texas 
where  Dr.  David  Gibson  directed  a  biochemical  study  of  PCB 
degraders  and  sixbcontracted  to  General  Electric  for  genetic 
studies.  General  Electric  had  spent  the  equivalent  of  40  man- 
years  samplii.g  contaminated  sites  and  isolating  adapted 
microorganisms  in  a  search  for  an  effective  PCB  degrader.  The 
University  of  Texas-GE  collaboration  that  this  Laboratory  funded 
started  with  the  most  promising  isolate.  Pseudomonas  putida 
strain  LB400,  with  Dr.  Gibson  studying  its  biochemistry  and 
developing  enzyme  test*  and  GE,  with  the  help  of  Gibson's 
discoveries,  attemptir .  to  clone  genes  coding  for  enzymes  in¬ 
volved  in  the  dagradatj.ve  capacity  of  the  organism.  Within  the 
first  year  of  this  Cooperative  Agreement,  three  genes  coding  for 
action  involved  in  the  pathway  of  degradation  of  PCB  to  benzoic 
acid  were  dm.  d.  Work  has  progressed  satisfactorily  since  then. 
Dr.  Gibson  h.-  :  moved  to  the  University  of  Iowa  and  recently 
resumed  his  W'.rk  and  General  Electric  is  working  on  genetically- 
engineered  strains  with  enhanced  potential  for  degrading  PCBs. 

We  anticipate  funding  Dr.  Gibson  for  another  Cooperative 
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■Agreeisent  ~to  "^intlTiue  T?rB~vort! 'Vltli  Cl  collat3uratl:':g''a'nt2've~alsc'- 
expect  to  fund  GE  separately  tc  bench-  and  field-test  their 
newly-developed  strains. 


The  remainder  of  this  presentation  will  cover  an  Agency-wide 
initiative  which  came  about  when  the  need  was  recognised  for  a 
conprehensive  effort  tc  learn  about  and  eventually  utilize  the 
oiocegr coction  c  description  of  the  £-perfur.a 

Innovative  Technology  Evaluation  (SITE)  Program,  and  a 
description  of  the  Biosafety  Program. 


Biosvstems  Teohnolocrv  Development  P£g.gi:aJS 

The  biasystems  development  program  is  intended  to  reduce  or 
eliminate  the  risk  from  hazardous  wastes  that  are  polluting  the 
environment.  The  Biosystems  Program  exists  under  the  rationale 
that  the  use  of  biological  processes  for  pollution  control  will 
have  the  advantages  of  inexpensive  processes,  low  ener^  input, 
degradation  activity  in  situ .  and  minimum  site  disruption.  For 
icplementaticn  and  management  purposes  the  objective  of  the 
Program  consists  of  six  specific  components: 

(1)  Degradation  Processes  Characterization, 

(2)  Biosystems  Process  Development, 

(3)  Biosystems  Process  Engineering, 

(4)  Fate  and  Risk  Determination, 

(5)  Control  of  Adverse  Consequences,  and 

(6)  Technology  Transfer 

Interrelated  with  these  components  are  the  following  operational 
program  elements  in  which  projects  are  grouped: 

(1)  Bioremediation  Technology  Development 

(a)  Degradation  Process  Characterization 

(b)  Biosystems  Process  Enhancement 
^c;  Biosystems  Process  Engineering 
(d)  Field  Demonstration 

(2)  Risk  Protection 

(3)  Technology  and  Information  Transfer 

(4)  Protocol  and  Guideline  Development 

Research  projects  ii.  this  program  are  located  at,  or  administered 
by,  five  pairticipatir.g  EPA  laboratories  -  the  Environmental 
Research  Laboratories  at  Gulf  Breeze,  Athens,  and  Ada,  the  Risk 
Reduction  Engineering  Laboratory  (RREL)  in  Cincinnati,  and  the 
Health  Effects  Research  Laborato..-y  (HERL)  at  Research  Triangle 
Park  -  and  the  Center  for  Environmental  Research  Information 
(CERI)  . 


T?re"£'Yeat.lcr.  n5T~CT'£'~X?ency's '  Blosystemi; . Technology - 

Developnent  Prograa  is  tLie  result  of  an  intense  cooperative 
activity  by  an  interlaboratory  conmittee  which  is  now  formally 
organised  as  the  Scientific  Steering  Comaittee  for  the  Biosystems 
Program.  With  the  experience  of  past  and  on-going  projects  in 
biodegradation  and  related  subjects,  this  group  determined  which 
activities  were  vital  to  guarantee  a  successful  start-up  for  the 
Program.  Future  researc..  coa.s  were  formulated  and  stated  and 
the  distribution  of  first  funding  from  FY88  money  and  subsequent 
FY89  money  was  agreed  upon. 

FY'88  resources  were  distributed  to  the  particiapating 
Laborato;  !  es  for  use  in  the  following  projects 

I.  Eicremediation  Technology  Development 

A.  Field  Application  Projects 

1.  Alkyl  Benzene  Degradation  Under  Nitrate  Reducing 
Cnnditions 

2.  White  Rot  Fungus  Degradation  of  PCP  in  Rotating 
Biological  Contactors 

B.  Research  Projects  for  Field  Application 

1.  Aerobic  Degradation  of  Trichloroethylene 

2.  Remediation  of  PCB-Contaminated  Soils  with  a 
Reconhinant  Organism 

3.  Combined  Biological  and  Chemical  Treatment  of  Dioxins 

4.  Degradation  of  Complex  Wastes  in  Soil  with  White  Rot 
Fungus 

5.  Anaerobic  Dehalogenatlon  of  Chlorinated  Phenols 

6.  Aerobic  Degradation  of  PCBs  in  Sediments 


C.  Supporting  Research  Projects 

1.  Enhancement  of  Waste  Material  Bioavailability 

2.  Physiological  Aspects  of  Enzyme  Production  from 
White  Rot  Fungi 

II.  Risk  Control 

1.  Application  of  Existing  Genotoxicity  Tests  to  Field 
and  Laboratory  Treatments 

III.  Technology  and  Information  Transfer 

1.  All  Investigators  Research  Review 

IV.  Protocol  and  Guideline  Development 

1.  Aerobic  Soil  Treatability  Protocol 
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I.  Liguid  Reactors 

A.  Keystone  Projects 

—  a  i\ww  •  ^n  RotaCwnc 

Contactor 

2.  Aerooic/Anaerotio  Two  Sludge  Digester  for  Leachate 
3 .  TCE  Treatment  in  POTW 

B.  Supporting  Projects 

1.  Gene  Enhancement  of  TCE  Degradation 

2.  Bench-Scale  Treatment  of  CERCLA  Leachates  by 
Carbon-Assisted  Fluidized  Beds 

3.  Single  Sludge  Treatment  POTW 

II.  Soil/Sediment  Treatment 

A.  Keystone  Projects 

1.  White  Rot  Fungus  Cultivation  for  Soil  Treatment 

2.  PCP  Anaerobic  Dechlorination 

3.  PCB  Aerobic  Degradation  in  Sediments 


B.  Supporting  Projects 

1.  Efficacy  of  Extracellular  Hydrolase  and  Oxygenase 
Enzymes  from  Bacillus  spp.  for  Metabolism  of 
Aromatic  Compounds 

2.  Biotechnology  of  PCB  Degradation 

3.  Effectiveness  of  Recombinant  PCB  Degrader 

4.  Surfactants/Sorption  Effects  on  Biodegradation 

5.  Anaerobic  Degradation  of  Phenolics 

III.  Combined  Treatment 

A.  Keystone  Projects 

1.  Combined  Use  of  KPEG  Chemical  Treatment  and 
Anaerobic  Composting  with  Municipal  Sludge  for 
Treatment  of  Contaminated  Soils 

B.  Supporting  Projects 

1.  Combined  Use  of  KPEG  Chemical  Treatment  and 
Anaerobic  Treatment  for  Remediating  Contaminated 
Soils 

2.  Development  of  Combined  Physical-Chemical  and 
Biological  Techniques  for  Destruction  of  Hazardous 
Wastes 
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A.  Keystone  Projects 

1.  Anaerobic  Degradation  of  Creosote 

2.  Aerobic  Degradation  of  Creosote 

B.  Suoporting  Projects 

1.  Degradation  of  Dioxins 

2.  Degradation  of  Heterocyclics 

V.  Ground  Water  Treataent 

A.  Keystone  Projects 

1.  Carbon  Tetrachloride  Treataent 

B.  Supporting  Projects 

1.  Characterization  of  Hydrocarbon-degrading 
Denitrif ier 

VI.  Metabolic  Processes  Research 

1.  White  Rot  Fungus  Enzyae  Developaent 

2.  Degradation  Potential  of  Oxygenase  Enzyaes 

3.  Dehalogenation  Potential  of  Sulfate  Reducing 
Organisas 


Superfund  Innovative  Technology  Evaluation  fSITE) 

The  SITE  Prograa  is  the  result  of  a  Section  added  to  CERCLA 
directing  the  Agency  to  establish  a  research  and  deaonstration 
prograa  for  alternative  or  innovative  technology.  This  section 
was  added  by  aeans  of  the  Superfund  Aaendaents  and 
Reauthorization  Act  of  1986.  The  developaent,  deaonstration,  and 
use  of  new  or  innovative  technologies  are  to  be  acce'  'crated  and 
new,  innovative  aeasureaent  and  monitoring  technologies  are  to  be 
deaonsti'sted  and  evaluated  by  the  SITE  Prograa.  The  SITE  Program 
in  RREL  of  Cincinnati  is  adainistered  by  the  Site  Deaonstration 
and  Evaluation  Branch  of  the  Superfund  Technology  Deaonstration 
Division. 

Two  components  make  up  the  SITE  Prograa:  (1)  a  Deaonstration 
Prograa  for  the  deaonstration  and  evaluation  of  technologies  on  a 
field-scale  and  (2)  an  Eaerging  Technologies  Prograa  for  the 
testing  and  evaluation  of  technologies  froa  bench-scale  through 
pilot-scale.  These  two  components  are  administered  by  the  Demon¬ 
stration  Section  and  the  Emerging  Technology  Section,  respective¬ 
ly,  of  the  Site  Deaonstration  and  Evaluation  Branch. 

A  variety  of  chemical,  physical,  and  biological  technologies 
make  up  the  vethods  under  investigation  in  the  present  E>eBonstra- 
tion  and  Eaerging  Technologies  Programs.  Of  the  35  projects  in 
these  programs  7  are  of  a  biological  nature: 
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iTTT  ■'Deinonstration  Progras  ‘51ological"'ProjectS 


1.  Biotreatttent  of  groundwater.  A  coaaetcial  process  called 
the  Aqueous  Treatment  System  (ATS)  is  based  on  the  use  of 
specific  microorganisms  as  the  sole  treatment  agent  for 
the  biodegradation  of  toxic  organic  compounds  in 
croundvater .  The  ATS  consists  of  submerged  packed  bed 
bicreactcrs .  containing  microorganisms  immobilized  as  a 
fixed  film  with  the  packed  bed  submerged  in  the  water 
strsnm. 

2.  Submerged  aerobic  fixed-film  raac'‘or.  This  treatment 
relies  upon  an  above  ground  fixed-film  raactor  operated 
on  a  one-pass,  continuous-flow  basis. 

3.  Biological  degradation.  This  process  involves  the 
slUiTT/ing  of  contaminated  soil  with  water  in  an  open  top 
agitated  tank.  Special  air  inlet  distributors  supply  air 
required  for  metabolism  by  aerobic  bacteria  and  to  keep 
the  soil  in  suspension. 

4.  Liquid/solid  contact  digestion.  This  system  uses  two  or 
three  portable  tank  digesters  or  lagoons  operating  in 
three  phases:  (a)  primary  contact  or  mixing,  (b)  primary 
digestion,  and  (c)  polishi.ng. 

5.  Powdered  activated  carbon/biologicai .  In  this  process, 
powdered  activated  carbon  is  added  to  active  biomass  in 
an  aeration  basin. 

SITE  Emerging  Technologies  Program  Biological  Projects 

6.  Removal  and  recovery  of  metal  ions  from  groundwaters 
using  algae.  Tliis  process  is  designed  to  remove  heavy 
metal  ions  from  aqueous  solutions  using  immobilized  algal 
cells  in  a  silica  gel  polymer  the  mode  of  action  being 
t.he  strong  affinity  of  the  cell  walls  cf  the  algae  for 
the  heavy  metal  ions. 

7.  Constructs'  ^etlands-based  treatment  of  degraded  waters 
for  toxic  matal  removal.  Influent  waters  containing  high 
metal  concentrations  flow  through  aerobic  and  anaerobic 
zones  of  a  wetland  ecosystem.  Metals  are  removed  by 
filtration,  ion  exchange,  adsorption,  absorption 
accumulacion  by  plants  and  microbes,  and  precipitation 
through  geochemical  and  microbial  oxidation  and 
reduction. 

Following  is  another  activity  the  RREL  is  involved  in  and  is 
directly  related  and  important  to  a.ll  of  the  effort  being 
expended  to  develop  the  use  of  biodegradation  processes. 
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"biosafety.  TyDiects  In  categoTy  vlll' tSevel-cp  entriTTeering—  - 

related  data  regi:ired  to  support  the  Biotechnology’  Risk 
Management  Program  and  the  Biosystems  for  Pollution  Control 
Program.  This  work  will  specifically  cover 

(1)  the  containment,  decontamination,  and  control  of  worker 

exposure  to  genetically  engineered  microorganisms  in 
large-scale  nanuiecturinc  icc _ ities,  and 

(2)  the  means  to  control  the  unintentional  spread  of 
genetically  engineered  microorganisms  deliberately 
released  for  use  in  the  environment. 

Products  will  be 

(1)  reports  addressing  the  following  aspects  of 
biologically-based  manufacturing  facilities 

(a)  process  analysis/potential  for  release, 

(b)  containment  technology, 

(c)  decontamination  technology, 

(G)  potential  for  worker  exposure, 

(e)  worker  protection  technology, 

(f)  monitoring  needs  and  strategies,  and 

(2)  reports  addressing  the  following  aspects  of  deliberate 
environmental  release 

(a)  site  profile  evaluation  procedures, 

(b)  site  containment  alternatives, 

(c)  monitoring  needs  and  strategies, 

(d)  site  decontamination  alternatives,  and 

(e)  e'/aluation  of  inoculation  techniques. 
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LABORATORIES 


Robert  S.  Kerr  Environmental  Research  Laboratory 

P.O.  Box  1 198,  Ada.  Oklahoma  74820 
FTS  S-743-201 1 
(405)  332-8800 

The  Robert  S.  kerr  Environmental  Research  LaDorator\'  (RSKERL)  is  EPA's  center  for 
ground-water  research  and  problems  related  to  subsurtoce  contamination.  Current 
research  focuses  on  providing  the  necessary  tote  and  transport  data  bases  and  support 
to  help  the  Agency: 

^  Establish  criteria  for  woste  disposal  activities  to  prevent  contcmmation  of 
ground  water  or  movement  of  contcminonTsJhrougn  the  subsurface  to 
points  of  withdrawal  or  discharge; 

□  Assess  the  impacts  of  existing  pollution  on  ground  water  ct  points  of  with¬ 
drawal  or  aischarge; 

□  Develop  remedial  actions  for  protecting  end  restoring  ground-woter  cudl- 
ity  that  are  neither  unnecessarily  complex  ona  costly  nor  restrictive  of 
other  land  uses;  and 

□  Regulate  the  production,  use,  and  disposal  of  specific  chemicals  possess¬ 
ing  an  unacceptably  high  potential  for  contaminating  ground  v/ater 
when  released  to  the  subsurface. 

Much  of  the  laborafory's  research  is  process  oriented,  focusing  on  the  hydrologic, 
abiotic,  and  biotic  processes  governing  the  fate  and  transport  of  contaminants  in  the 
supsurface.  Simulation  models  ore  developed  based  on  soil  ond  subsurface  process 
descriptions  for  describing  and  predicting  the  migration,  dissioction,  and  fronsformation 
of  pollutants  likely  to  be  encountered  in  soil  and  subsurface  environments  under  varying 
conditions  of  environmental  release.  The  use  of  naturoi  soil  ana  subsurtoce  systems  for 
the  attenuation  and  degradation  of  wastes  is  studied  os  a  treatment  option  for  both 
point  and  nonpomt  sources  of  pollution  os  well  cs  for  remedial  action  in  connection  with 
land-based  spills  or  accidents  and  existing  waste  disposoi  sites. 

RSKERL  IS  also  developing  methodologies  for  aauifer  resforotion.  A  mo)Or  research 
cbiective  IS  to  demonstrate  reliable  end  effective  manogement  of  subsurface  treatment 
systems  that  ere  applicable  to  venous  climatic  conditions,  soil  types,  v/oste  cnoracteris- 
tics,  degrees  of  prefreotmenf.  and  other  system  variables.  Applied  research  on  specific 
problems  relotea  to  underground  injection  control,  underground  storoge  tanks,  and  land 
treatment  of  hatardous  wastes  is  also  conducted.  RSKERL  hds  been  inrrumental  in  spon¬ 
soring  tne  International  Grouna-Water  Modeling  Center  ct  Holcomb  Research  Institute  in 
Inaianaoolis,  Inciana.  end  Delft,  the  Netherlands. 


GROUND-V/ATEn  CUALITY  SUSSURrATE  COtlTAf.lltfATlOH  •  SUESURrACE  FATE  &  TRANSPORT  PROCESSES 


GROUND-WATER  lliFORHATIOrl  S  l.tODELlNG  CENTERS  •  REMEDIAL  ACTION  •  AQUIFER  RESTORATION 
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RESEARCH  PROGRAM 


Robert  S.  Kerr  Environmental  Research  Laboratory 
U.S.  Environmental  Protection  Agency 
Ada,  Oklahoma 

February,  1989 


Background 

While  EPA  has  no  single  authority  under  which  it  is  charged  to  protect 
ground  water,  virtually  every  major  piece  of  legisJation  that  governs  the 
Agency's  mission  contains  authority  for  this  purpose,  including  the  Clean 
Water  Act  (CWA),  the  Comprehensive  Environmental  Response,  Compensation, 
and  Liability  Act  (CERCLA  or  Superfund),  Superfurid  Amendments  and  Reauthor¬ 
ization  Act  (SARA),  the  Safe  Drinking  Water  Act  (SDWA),  the  Resource  Conser¬ 
vation  and  Recovery  Act  (RCRA),  the  Federal  Insecticide,  Fungicide,  and 
Rodenticide  Act  (FIFRA),  and  the  Toxic  Substances  Control  Act  (TSCA), 
together  with  their  amendments.  This  broad  spectrum  of  statutory  authority 
within  the  Agency  also  contributes  to  a  fragmentation  of  ground-water 
issues,  priorities,  and  regulations. 

RSKERL's  ground-water  research  reflects  diverse  priorities  among 
seven  Program  Office  clients  (Drinking  Water,  Ground-Water  Protection, 

Solid  Waste,  Emergency  and  Remedial  Response,  Waste  Programs  Enforcement, 
Underground  Storage  Tanks,  Toxic  Substances)  ten  Regions,  and  a  number  of 
crossmedia  offices  and  task  forces.  The  overall  research  program  is  guided 
by  a  complex  relationship  involving  three  research  committees  (Water,  Solid 
Waste  and  Superfund,  Toxics  and  Pesticides),  and  is  coordinated  with  the 
efforts  of  several  Office  of  Research  and  Development  (ORD)  offices  including 
the  Officeof  Atmospheric  Deposition,  Environmental  Monitoring,  and  Quality 
Assurance;  the  Office  of  Environmental  Processes  and  Effects  Research;  the 
Office  of  Environmental  Engineering  and  Technology  Demonstration;  and  the 
Office  of  Exploratory  Research,  and  is  implemented  in  association  with  four 
other  laboratories  (Environmental  Research  Laboratory  in  Athens,  Georgia 
[ERL-Athans] ;  Environmental  Monitoring  Systems  Laboratory  in  Las  Vegas, 

Nevada  [EMSL-LV];  Risk  Reduction  Engineering  Laboratory  in  Cincinnati,  Ohio 
[RREL-Cincinnatij;  and  Environmental  Research  Laboratory  in  Gulf  Breeze, 
Florida  [ERL-Gulf  Breeze]). 

Mission  Statement 


The  Robert  S.  Kerr  Environmental  Research  Laboratory  (RSKERL)  is  the 
Agency's  center  of  expertise  for  investigation  of  the  subsurface  environment. 
The  Laboratory  is  responsible  for  management  of  research  programs  (1)  to 
determine  the  fate,  transport  and  transformation  rates  and  mechanisms  of 
pollutants  in  the  subsurface  environment  including  both  the  unsaturated 
soil  profiles  and  the  saturated  zones;  (2)  to  define  the  processes  to  be 
used  in  characterizing  the  subsurface  environment  as  a  receptor  of  pollutants; 
(3)  to  develop  techniques  for  predicting  the  effects  of  pollutants  on 
ground  water,  soil,  and  indigenous  organisms;  and  (4)  to  define  and  demons¬ 
trate  the  applicability  and  limitations  of  using  natural  processes,  indigenous 
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to  the  subsurface  environment,  for  the  protection  of  this  resource  from 
municipal,  industrial,  and  agricultural  activities  entailing  the  release  of 
pollutants  to  the  soil  or  deeper  regions  of  the  subsurface.  The  RSKERL 
assists  in  the  development  of  Agency  research  policy  and  program  guioelines 
and  long-range  Agency  research  plans  and  recommends  specific  projects  and 
programs,  including  the  resources  and  schedules  required  to  accomplish 
them.  Upon  obtaining  the  resources  the  RSKERL  staff  carries  out  the  work 
through  its  own  ^'acilities  or  field  stations,  or  under  contract,  cooperative 
agreement,  or  interagency  agreement  with  othe-  organizations.  The  RSKERL 
is  also  responsible  for  coordination  of  technical  assistance  to  Agency 
components  and  others  as  requested  within  resources  allocated  for  this 
purpose. 

Theme  Areas 


There  are  three  primary  research  themes  within  the  current  RSKERL 
research  program.  The  first  theme  area  constitutes  the  RSKERL  core  research 
program  and  is  called  Subsurface  Fate  and  Transport  Research.  The  second 
theme  area  comprises  the  RSKERL  applied  research  program  and  is  called 
Subsurface  Assessment  and  Reclamation  fiethodolonies.  The  final  theme 


research  area  is  referred  to  as  Technical  Assir.v?.nce  and  Technology  Transfer. 


Core  Research  - >  Applied  Research  . >  Information  Transfer 


Subsurface  Fate  - >  Subsurface  Assessment  --->  Technical  Assistance 

and  Transport  and  Reclamation  and  Technology  Transfer 

Research  Methodologies 


Subsurface  Fate  and  Transport  Research  (Core  Research) 

According  to  the  Long-Range  Research  Agenda  for  the  Period  1988-1992, 
the  Agency  has  certain  mandates  that  f^orm  the  primary  needs  which  drive  a 
continuing  Agency  core  research  program.  This  program  consists  of: 

1.  human  health  risk  methods  development  and  application, 

2.  ecological  risk  methods  development  and  application, 

3.  total  exposure  methods  development  and  application,  and 

4.  risk  reduction  research. 

The  primary  needs  driving  the  RSKERL  Research  Program  are  numbers  two, 
three  and  four  of  the  above  list. 

For  the  major  category  of  ecological  risk  assessment,  emphasis  will  be 
placed  on  research  activities  that  contribute  to  improved  prediction  of 
impacts  on  ecosystem  function  and  structure,  on  techniques  for  assessing 
effects  from  complex  mixtures,  and  on  characterizing  uncertainties  with 
risk  estimates. 
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In  the  area  of  risk  redaction/control  technology,  emphasis  will  be 
placed  upon  developing  transport,  transformation,  and  fate  models  as  well 
as  working  with  industry  to  exolore  alternative  treatment  technologies  such 
as  biodegradation. 

The  RSKERL  Research  Program  will  continue  to  provide  research  data 
and  information  concerning  transport  processes,  transformation  processes 
and  site  characterization.  These  topics  are  in  direct  conformance  to  the 
legislative  mandates  which  form  ORD's  research  activities. 

Transport  Processes  are  physical  and  chemical  interactions  that  cause 
contaminants  to  move  through  the  subsurface  at  rate's  different  from  those 
of  water.  Transport  processes  res(:arch  at  RSKERL  is  focused  on  four  major 
areas  of  concern;  (1)  sorption  processes;  (2)  facilitated  transport 
phenomena;  (3)  behavior  of  complex  wastes;  and  (4)  transport  processes  in 
heterogeneous  anisotropic  media.  Both  inhouse  and  extramural  research 
activities  in  these  areas  have  the  objectives  of  defining  mechanistically  the 
processes  involved  and  evaluating  the  implications  of  these  processes.  A 
goal  inherent  in  these  efforts  is  the  refinement  of  models  directed  at 
representing  the  processes  affecting  mobility  and  fate  of  contaminants  in 
ground  water. 

Much  progress  has  been  made  in  recent  years  on  defining  the  relation¬ 
ship  between  soil  organic  matter  and  sorntipn  of  nonpolar  organic  molecules. 

A  better  understan.:  ing  of  sorption  in  low-carbon  subsurface  environments  is 
also  beginning  to  emerge  although  the  capability  to  accurately  forecast 
pollutant  mobility  is  still  lacking.  There  are  other  important  questions 
remaining  in  the  sorp:ion  area.  Of  primary  interest  are  environmental 
factors  that  control  the  sorption  of  polar  and  ionic  organic  contaminants 
and  the  impact  of  these  contaminants  on  the  mobility  of  nonpolar  organics. 
There  are  also  questions  on  sorption  and  retardation  in  the  real-world 
complex  matrices  present  at  contamination  sites  and  on  the  practical  effects 
of  iorption  kinetics  on  contaminant  transport. 

Facilitated  transport  is  a  generic  term  encompassing  phenomena  that 
enhance  contaminant  mobility.  Evidence  of  such  mobility  enhancement  has 
been  observed  at  a  numbei'  of  contaminated  sites,  but  the  processes  respon¬ 
sible  have  yet  to  be  clearly  identified.  Several  key  research  areas  being 
pursued  at  RSKERL  are:  (1)  dissolved  organic  carbon  enhanced  transport; 

(2)  particulate  transport;  (3)  mixed-solvent-enhanced  transport;  and  (4) 
preferential  pathway  water  movement.  These  represent  widely  disparate 
research  areas,  but  are  linked  by  their  common  effects  on  the  movement  of 
contaminants. 

The  behavior  of  complex  wastes  has  recently  emerged  as  a  focal  point 
of  abiotic  processes  research.  Three  current  concerns  in  this  area  are  the 
physical  characteristics  that  regulate  the  movement  of  Immiscible  liquids 
through  the  subsurface,  movement  of  other  relatively  immobile  organic  con¬ 
taminants  partitioned  into  the  immiscible  fluid  matrix,  and  the  chemical 
processes  involved  in  the  dissolution  and  weathering  of  the  fluids. 


The  latter  concern  is  part  of  a  larger  question  about  the  efficacy  and 
economies  of  pump  and  treat  technologies  for  remediation  of  complex-waste- 
contaminated  aquifers.  Although  the  physics  of  waJtec.  flow  in  homogeneous 
media  is  reasonably  well  understood,  the  physics  of  water  transporting 
contaminants  in  heterogeneous  media  is  poorly  understood.  Lack  of  under¬ 
standing  of  how  contaminants  move  in  the  subsurface  severely  restricts  our 
ability  to  make  risk  assessments  or  clean-up  ground  water. 

Current  RSKERL  research  is  trying  to  improve  our  understanding  of  the 
physics  of  fluid  flow-through  research  to  determine  how  immiscible  fluids 
will  move  through  porous  media,  the  impact  of  immiscible  fluids  on  the 
physical  properties  of  the  porous  media,  contaminant  transport  in  fractured 
rock,  and  delineation  of  the  physical  components  of  dispersion. 

During  the  next  five  years  core  transport  research  will  be  focused  in 
three  areas:  (1)  improving  laboratory  methods  for  obtaining  data  needed  to 
mathematically  describe  the  partitioning/ sorption  between  phases  in  the 
subsurface;  (2)  laboratory  studies  to  improve  our  understanding  facili¬ 
tated  transport  processes  and  the  mobility  of  macro-molecular  ana  colloidal 
materials;  ^3)  development  and  testing  of  contaminant  transport  models 
describing  multiphase  fluid  flow  based  on  first  principles.  The  outputs 
from  laboratory  process  studies  will  produce  information  required  to  develop 
deterministic  system  models  for  risk  assessment.  The  transport  models  will 
be  reported  in  the  form  of  computer  codes  and  user's  guides. 

Site  Characterization  entails  hydrologic  and  geologic  descriptions  of 
a  contaminated  area  to  better  understand  the  fate  and  transport  of  site 
soecific  pollutants.  Assumptions  of  homogeneity  and  complete  mixing  are 
probably  inappropriate  in  most  subsurface  situations.  But  the  impact  of 
the  variable  distribution  of  important  subsurface  parameters  on  the  processes 
that  control  pollutant  transport  and  fate  has  not  been  investigated  in  a 
systematic  fashion.  The  mathematics  needed  to  describe  this  impact  must  be 
further  developed  and  evaluated.  RSKERL  is  pursuing  studies  in  these  areas, 
including  application  of  geostatistical  techniques  to  describe  subsurface 
systems. 

During  the  next  five  years  core  research  in  site  characterization  will 
be  focused  in  two  areas:  (1)  developing  new  field  methods  for  obtaining 
valid  in-tact  samples  of  subsurface  media  and  new  field  methods  for  measur¬ 
ing  physical  and  chemical  properties  of  the  geohydrologic  system;  (2) 
development  of  numerical  methods  to  characterize  the  variability  of  a  site. 
Both  geostatistical  and  stochastic  methods  will  be  considered.  The  descrip¬ 
tions  of  the  geophysical  methods  will  be  output  as  technical  notes  and 
journal  manuscripts.  The  geostatistical  and  stochastic  studies  will  be 
output  in  the  form  of  computer  software  and  user's  guides. 

Transformation  Processes  are  chemically  and  biologically  mediated 
transformations  of  contaminants  in  the  subsurface  into  other  compounds. 

The  Laboratory's  research  efforts  on  transformation  processes  are  designed 
to  acquire  the  insight  and  information  necessary  to  predict  the  behavior  of 
pollutants  in  the  subsurface  environment.  Transformations  can  destroy 
organic  pollutants  and  immobilize  toxic  metals,  or  they  can  produce  new 
substances  that  are  more  hazardous  and  more  mobile  than  the  original  contam¬ 
inants. 
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Transformation  processes  also  influence  the  survival  and  transport  of 
viruses  and  other  infectious  agents  in  the  subsurface.  An  understanding  of 
these  fundamental  biological  processes  is  needed  to  develop  control  and 
remediation  technologies  for  ground-water  quality  protection.  RSKERL  core 
program  supports  work  at  the  level  of  process  discovery  (what  can  occur), 
and  process  definition  (when  a  process  can  be  expected,  and  at  what  rate 
and  extent) . 

Transformation  processes  are  the  ultimate  risk  reduction  mechanism. 

Most  of  the  effort  will  be  in  the  form  of  laboratory  studies  attempting  to 
define  the  rate  and  extent  of  transformation  of  xejibbiotlcs  as  a  function 
of  the  controlling  environmental  parameters.  Simultaneously,  the  microbio¬ 
logical  community  controlling  these  transformations  will  be  characterized 
biochemically.  The  potential  for  abiotic  transformation  is  still  at  the 
discovery  level . 

Summary  of  Core  Research:  Predictive  research  provides  the  basis  for 
assessing  the  risk  of  ground-water  contamination  upon  the  subsurface  environ¬ 
ment  and  for  understanding  subsurface  processes  that  eventually  may  lead  to 
cleanup  methodologies.  Sorption,  biotransformation,  transport,  mixed 
solvent  interactions,  oxidation  reduction,  hydrolysis,  dechlorination, 
dispersion,  fractured  flow,  and  immiscible  flow  will  be  investigated  for 
organic  chemicals  that  could  pose  significant  risk.  Research  will  contirue 
on  virus  survival  and  transport,  and  metals  mobility.  Contaminant-transpo-t 
models  will  be  adapted  and  modified  to  include  the  improved  process  descrip¬ 
tions.  rield  evaluations  will  determine  the  degree  of  confidence  that  ‘n 
be  expected  from  predictive  models  in  various  hydrogeologic  environments 

Assessing  the  risks  associated  with  various  methods  of  waste  disposal  is 
a  critical  aspect  of  the  Agency's  RCRA  program,  but  is  an  area  of  major 
scientific  uncertainty.  Developing  the  scientific  and  technical  information 
needed  to  establish  the  quantity  and  types  of  wastes  that  escape  into  the 
environment  through  different  disposal  methods,  the  effects  they  produce  for 
both  human  health  and  the  environment  and  the  methods  for  assessing  their 
risks  will  remain  a  significant  area  for  research  activity  for  some  time. 
Moreover,  given  that  most  existing  information  Is  based  on  the  properties 
of  individual  chemicals,  rather  than  the  complex  mixtures  of  chemicals 
typically  found  in  wastes  streams,  the  state-of-knowledge  in  this  area  will 
require  several  years  to  develop. 

The  information  developed  to  support  this  research  area  will  be  used 
by  ERA  In  permitting  and  enforcement  decision  making,  regulatory  policy 
making,  and  implementing  the  land-banning  program.  Products  will  provide 
more  applicable,  less  expensive,  and  more  accurate  information  and  risk 
assesrmenl  methodologies.  Increased  development  and  validation  of  promising 
field  screening  techniques  (e.g.,  cone  penetrometer)  will  have*  the  potential 
to  provide  Superfund  pollutant  characterization. 
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Subsurface  Assessment  and  Reclamation  Methodologies  (Applied  Research) 

The  Resource  Conservation  and  Recovery  Act  (RCRA)  authorizes  a  regula¬ 
tory  program  to  identify  wastes  which  pose  a  substantial  hazard  to  human 
health  or  the  environment,  and  develop  waste  management  standards  which 
protect  human  health  and  the  environment.  Research  support  for  this  program 
provides  the  scientific  and  engineering  basis  for  characterizing  wastes, 
determining  the  hazards  they  pose  and  formulating  controls.  In  addition. 
Section  311  of  the  Clean  Water  Act  authorizes  research  to  support  prevention 
and  control  of  hazardous  material  releases. 

The  Office  of  Emergency  and  Remedial  Response  (OERR)  requires  scientific 
research  and  technical  support  from  the  Office  of  Research  and  Development 
(ORD)  to  investigate  and  mitigate  health  and  environmental  problems  at  the 
priority  sites  listed  under  authority  of  the  Comprehensive  Environmental 
Response,  Compensation  and  Liability  Act  (CERCLA),  as  amended  by  the  Super¬ 
fund  Amendments  and  Reauthorization  Act  of  1986  (SARA).  ORO’s  research 
program  provides  a  core  of  scientific  and  technical  information  to  su?,3rt 
the  implementation  requirements  of  CERCLA  and  the  enforcement  actions 
undertaken  to  obtain  cleanup  and  recovery  of  costs.  It  concentrates  on 
assessing  health  and  environmental  risks  posed  by  Superfund  sites  and  on 
evaluating  equipment  and  techniques  for  discovering,  assessing,  preventing, 
controlling,  removing  and  ultimately  disposing  of  hazardous  substances 
released  into  the  environment.  RSKERL  research  and  support  activities 
consist  of  programs  to  develop  and  evaluate  validity  of  methods  for  detec¬ 
tion  and  evaluation  of  adverse  environmental  effects,  to  evaluate  alterna¬ 
tive  control  and  removal  technologies,  and  to  develop  effective  monitoring 
systems. 

Superfund  develops  technologies  and  Information  needed  for  assessing 
and  managing  uncontrolled  sites.  The  success  of  removal  and  remedial 
actions  frequently  depends  on  an  accurate  appraisal  of  the  nature  and 
severity  of  the  problem.  Research  activities  supporting  this  objective 
provide  the  techniques  and  procedures  for  on-scene  coordinators'  needed  to 
quickly  and  effectively  assess  the  degree  of  hazard  and  the  cleanup  require¬ 
ments  at  specific  uncontrolled  waste  sites. 

These  legislative  requirements  drive  the  ORD  Research  Program  which 
further  determines  the  direction  of  the  RSKERL  Research  Program.  RSKERL 
continues  to  provide  information  concerning  (1)  subsurface  exposure  assess¬ 
ment,  (2)  subsurface  reclamation,  (3)  underground  injection  control,  and 
(1)  wellhead  protection. 

Subsurface  Exposure  Assessment  includes  the  estimation  of  the  temporal 
and  spatiaT  distribution  of  contaminants  in  the  environment.  Exposure 
assessment  is  a  requisite  initial  step  in  any  risk  analysis.  In  this  theme 
area,  studies  are  performed  evaluating  exposure  assessment  methodologies 
that  have  been  developed  primarily  in  the  form  of  mathematical  models. 

Outputs  include:  data  bases  utilized  in  making  exposure  assessments, 
expert  systems  for  more  appropriate  application  of  exposure  assessment 
models,  and  demonstrations/evaluations  of  the  application  of  site  specific 
and  generic  mathematical  models. 
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There  are  presently  over  600  documented  mathematical  models  describing 
movement  of  fluids  in  the  subsurface  ranging  from  simple  analytical  solutions 
to  highly  complex  numeric; 1  models.  RSKERL  has  an  extensive  program  to 
develop,  evaluate  and  improve  mathematical  models  for  use  by  Federal  and 
State  agencies  in  predicting  the  transj-jrt  and  fate  of  contaminants  in  the 
subsurface.  Tl'e  principal  avenue  of  model  information  transfer  is  the 
International  Ground  Water  Modeling  Center  (IGMMC)  at  Holcomb  Research 
Institute,  Indianapolis,  Indiana.  The  Center  maintains  annotated  data 
bases  of  mathematical  models  used  to  simulate  fluid  movement  and  contaminant 
transport,  offers  hands-on  training  courses  and  conducts  research  to  develop 
benchmark  methods  for  the  intercomparison  and  validation  of  existing  models. 

Subsurface  Reclamation  involves  restoring  the  contaminated  subsurface 
to  a  predetermined  level  of^  cleanliness.  All  research  characterizing  the 
nature  of  a  release,  as  well  as  the  site  itself,  is  requisite  for  selection 
and  implementation  of  site  remediation  technology.  In  addition,  factors 
such  as  cost,  resources  at  risk,  and  ground-water  value,  must  be  weighed  in 
selection  of  a  remediation  technology.  It  is  obvious  that  no  universal 
formula  can  exist  prescribing  successful  site  remediation;  eacn  site  pro¬ 
vides  its  own  unique  set  of  problems  determined  by  site  specific  character¬ 
istics.  It  is,  therefore,  imperative  that  sufficient  site  characterization 
information  be  available  to  allow  informed  selection  of  a  remediation 
technology.  A  remediation  technology  successful  at  one  site  may  be  totally 
inappropriate  at  another  site.  Remediation  technology  effective  in  the 
early  stages  of  remediation  may  not  be  effective  at  later  stages.  Hence, 
integration  of  several  remediation  technologies  may  ,  in  some  cases,  be  the 
most  efficient  option. 

Implementation  of  a  site  remediation  technology  entails  involvement  in 
reducing  contaminant  concentration  and  mitigate  release  effects  through 
contaminant  containment,  removal,  or  transformation.  RSKERL  research 
programs  have  Investigated  chemical  techniques  using  cationic  surfactants 
for  contaminant  migration  control,  or  containment.  Research  on  contaminant 
sorption-desorption  kinetics  has  uncovered  limitations  of  pump  and  treat 
technology  for  contaminant  removal.  CERCLA  lists  various  approved  methods 
for  remedying  releases  and  additionally  mandates  the  development  of  cost- 
effective  remediation  alternatives  to  off-site  treatment  or  disposal. 

RSKERL  has  committed  substantial  resources  to  laboratory  and  field-scale 
development  of  remediation  alternatives,  such  as  enhanced  biological 
contaminant  transformation  methods. 

Successful  Implementation  of  remediation  technology  Is  dependent  on 
continuing  and  Initiating  the  following  research: 

1)  Microbial  transformation  of  contaminants  and  the  effects 
that  transformation  enhancement  amendments  (methane,  oxygen, 
hydrogen  peroxide,  nitrate)  have  on  aquifer  chemistry  and 
physics. 
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2)  Staged  aerobic/anaerobic  treatment  technology.  Different 
classes  of  contaminants  are  more  easily  degraded  in  oxydizing 
or  reducing  environments. 

3)  Removal  of  residual  saturation  of  an  immiscible  phase.  The 
residual  saturation  will  be  very  difficult  to  remove  by  "soil 
washing*  techniques  and  will  constitute  a  long  lived  source 
term  for  contaminant  input  to  ground  water. 

.  4)  Chemical  techniques  for  contaminant  migration  control. 

5)  Development  of  decision  support  systems  such  as  expert  systems 
for  making  decisions  on  site  remediation. 

The  Underground  Injection  Control  Program  is  concerned  with  the  safety 
of  underground  injection  as  a  hazardous  waste  disposal  method.  Both  the 
Safe  Drinking  Water  Act  of  1974  and  the  Hazardous  and  Solid  Waste  Amendments 
of  1984  address  the  question  of  protection  of  ground-water  quality  as  a 
result  of  injection  of  waste  into  the  subsurface  by  means  of  deep  wells. 

ERA  regulations  in  support  of  this  legislation  have  been  based  on  assuring 
that  the  use  of  injection  wells  for  the  disposal  of  waste  will  not  endanger 
human  health  or  the  environment. 

Research  in  support  of  the  underground  injection  control  program  is 
investigating  three  areas:  the  mechanical  integrity  of  the  injection  well 
itself;  the  injection  zone  and  confining  bed;  and  the  interaction  of  injected 
waste  with  the  formation  or  formation  fluid  within  the  injection  zone. 

RSKERL  has  research  projects  in  each  of  these  areas  through  the  extra¬ 
mural  research  program.  In  addition,  RSKERL  has  constructed  three  research 
wells  near  Ada  for  the  purpose  of  assessing  methods  for  determining  the 
mechanical  integrity  of  injection  wells.  The  research  wells,  which  are 
1215',  1530,  and  1550  fee,t  deep,  are  designed  to  evaluate  the  integrity  of 
cement  behind  both  steel  and  fiberglass  casing  and  to  evalute  a  variety  of 
methods  for  determining  leaks  in  tubing,  casing  or  packers  and  fluid  movement 
behind  the  casing.  These  research  wells  provide  ERA  with  a  unique  research 
facility  unmatched  in  government,  academia,  or  industry. 

This  research  will  be  extremely  important  over  the  next  few  years  due 
to  the  regulatory  requirements  of  the  Hazardous  and  Solid  Waste  Amendments 
of  1984.  ERA  Is  required  to  recons'^der  the  safety  of  underground  injection 
as  a  hazardous  waste  disposal  method  and  to  ban  such  injection  should  there 
be  migration  out  of  the  injection  zone.  ERA  has  a  number  of  research 
activities  under  way  to  aid  the  Office  of  Drinking  Water  in  making  these 
determinations,  including  determining  the  fluid  movement  from  wells, 
describing  the  interaction  of  injected  fluids  with  the  geological  strata, 
and  characterizing  saline  formations  in  the  Texas  Gulf  Coast  as  receptors 
of  hazardous  wastes.  Research  will  determine  tr*  mechanical  integrity  of 
Injection  wells,  the  location  of  abandoned  wells  and  the  practices  associated 
with  nonhazardous  injection. 
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The  Wellhead  Protection  Prooram  focuses  on  developing  methods  and  infor¬ 
mation  needed  to  develop  strategies  for  wellhead  protection  areas.  Current 
research  is  focused  on  improving  the  methods  currently  being  used  to  delin¬ 
eate  wellhead  protection  areas  and  evaluation  of  the  the  ground-water  flow, 
and  fate  and  transport  models  available  for  wellhead  protection  and  delinea¬ 
tion.  In  addition,  ongoing  research  will  provide  analysis  of  the  impact  on 
wellhead  protection  areas  from  multiple  sources  of  contamination  and  evaluate 
the  effectiveness  of  control  methods  both  technical  and  institutional  on 
the  prevention  of  ground-jiater  contamination  in  a  wellhead  protection  area. 

Summary  of  Applied  Research:  Research  will  continue  at  RSKERL  in 
characterization  of  contaminant  dispersion  in  groom'd  water  using  data  from 
recent  field  experiments  to  develop  a  realistic  approach  to  modeling  disper¬ 
sive  transport  in  exposure  assessments.  In  addition,  work  will  continue 
into  the  development  of  criteria  for  the  selection,  development  and  modifi¬ 
cation  or  mathematical  models  that  can  be  applied  to  exposure  assessments. 

Aquifer  cleanup  research  will  provide  cost-effective  methods  for  cleanup 
of  contaminated  soils  and  ground  water.  Alternatives  are  needed  to  current 
approaches  such  as  withdrawal  and  treatment  or  containment.  Promising 
1 aboratory  methods  for  enhancing  subsurface  biotransformation  will  be  field 
tosted,  the  safety  of  using  genetically-engineered  organisms  for  biodegrada¬ 
tion  will  be  determined,  and  the  application  of  these  methods  to  leaks  from 
underground  storage  tanks  will  be  evaluated. 

Underground  injection  control  research  will  be  extremely  important  over 
the  next  few  years  due  to  the  regulatory  requirements  of  the  Hazardous  and 
Solid  Waste  Amendments  of  1984.  EPA  is  required  to  reconsider  the  safety 
of  underground  injection  as  a  hazardous  waste  disposal  method  and  to  ban 
such  injection  should  there  be  migration  out  of  the  Injection  zone.  EPA 
has  a  number  of  research  activities  underway  to  aid  the  Office  of  Drinking 
Water  in  making  these  determinations,  including  determining  the  fluid 
movement  from  wells,  describing  the  interaction  of  Injected  fluids  with  the 
geological  strata,  and  characterizing  saline  formations  in  the  Texas  Gulf 
Coast  as  receptors  of  hazardous  wastes.  Research  is  ongoing  to  determine 
the  mechanical  integrity  of  injection  wells,  the  location  of  abandoned 
wells  and  the  practices  associated  with  nonhazardous  injection. 

RSKERL  rese  rch  will  be  used  to  improve  and  evaluate  the  ground-water 
flow,  and  fate  and  transport  models  available  for  wellhead  protection  and 
delineation.  Methods  and  information  will  be  developed  on  critical  wellhead 
protection  factors  such  as  radius  of  influence  around  a  well  or  well  field, 
depth  of  drawdown  of  water  table  by  well  or  well  field,  and  the  time  and 
rate  of  travel  of  various  contaminants  in  various  hydrogeological  settings. 

In  addition,  the  research  will  provide  analysis  of  the  Impact  on  wellhead 
protection  areas  from  sources  of  contamination  and  evaluate  the  effective¬ 
ness  of  control  methods  both  technical  and  Institutional  on  the  prevention 
of  ground-water  contamination  in  a  wellhead  protection  area. 


Technical  Assistance  and  Technology  Transfer  (Information  Transfer) 

To  be  effective,  research  results  must  target  and  be  disseminated  to 
operational  personnel,  program  managers,  and  decisionmakers  In  a  timely 
manner.  Field  personnel  in  EPA  Regions,  states,  and  local  government 
agencies  must  deal  with  an  extremely  broad  and  complex  range  of  data  and 
information,  and  deserve  close  support  from  scientists  and  engineers  in  ORD 
laboratories.  While  there  is  no  technical  assistance  line  item  specific  to 
ground  water,  ground-water  issues  are  becoming  a  major  focus  of  technical 
requests  from  client  offices.  Therefore,  the  RSKERL  has  made  significant 
advances  in  disseminating  its  research  products  and  making  available  its 
research  scientists  for  requested  technical  assistance  from  EPA  Regions, 
state  and  local  authorities  and  Program  Office  personnel. 

The  Superfund  Subsurface  Remediaton  Technical  Support  Program  at  RSKERL 
receives  Us  statutory  authority  from  the  Superfund  Amendments  and  Reauthor¬ 
ization  Act  of  1986  (SARA)  which  directs  the  EPA,  as  part  of  the  overall 
Superfund  site  clean-up  program  to  conduct  a  program  of  research,  evaluation 
and  demonstration  of  alternative  or  innovative  technologies  for  response 
actions  that  will  achieve  more  permanent  solutions.  As  part  of  that  effort 
the  Office  of  Solid  Waste  and  Emergency  Response  and  the  Office  of  Research 
and  Development  have  established  a  Subsurface  Remediation  Support  Program 
(SRSP)  at  RSKERL  that  provides  decision-makers  with  a  source  of  easily 
accessible,  up-to-date  subsurface  fate  and  transport  information  with  the 
associated  expert  assistance  requried  to  effectively  use  this  information. 
Components  of  SRSP  include: 

Subsurface  Remediation  Technical  Support  Team--composed  of 
ten  scientists  and  engineers  to  provide  a  readily  available 
source  of  technical  assistance; 

-  Subsurface  Remediation  Information  Clearinghouse--designed 
to  provide  the  user  community  highly  specialized,  fate, 
transport,  and  remediation  information; 

Mational  Center  for  Ground  Water  Research--consort1um  of 
Oklahoma,  Oklahoma  State  and  Rice  Universities  charged  with 
developing  and  conducting  a  long-range  exploratory  research 
program  to  help  anticipate  and  solve  the  Nation's  emerging 
ground-water  problems; 

International  Center  for  Ground  Water  Model 1ng--Holcomb 
Research  Center  Indianapolis,  clearinghouse  for  ground-water 
modeling  software,  providing  research,  short  courses,  seminars 
and  educational  activities; 


RSKERL  Extramural  Research  Program--expert1se  of  subsurface 
processes  and  systems  from  more  than  30  universities  and 
research  insitutions. 


UPDATE  on  BIORESTORATION  RESEARCH  AT  RSKERL 


2/89  John  Wilson 


Removal  of  vinyl  chloride  in  an  aquifer 


Stanford  at  Moffett  Field 


In  this  field  season,  the  Moffett  Field  demonstration  site  is  examining 
the  co-oxidation  of  vinyl  chloride  during  the  aerobic  metabolism  of 
methane.  Removals  are  dramatic,  more  than  982  in  a  single  pass. 

Removal  of  trichloroethylene  from  well  water  USAF/Battel le 

In  the  spring  of  1989,  Battelle  will  install  a  bioieactor  to  treat 

TCE  contaminated  water  from  a  monitoring  well  at  Tinker  AFB  in  Oklahoma  City. 

Removal  of  trichloroethylene  from  air  U.  of  Oklahoma/in-house 

A  laboratory  bioreactor  has  successfully  treated  TCE  vapors  in  air. 

The  reactor  can  reduce  the  concentration  of  TCE  an  order  of  magnitude 
in  15  minutes. 


Removal  of  trichloroethylene  from  purge  wells 


For  Emergency  Response  Team,  in-hous 


The  laboratory  bioreactor  is  being  scaled  up,  to  build  a  mobile  unit  that 
can  remove  TCE  from  water  produced  during  pump-and-treat  activities. 

The  unit  will  contain  an  air  stripper  to  treat  the  water.  The  gas  from 
the  air-stripper  will  be  regenerated  in  the  bioreactor,  then  recycled 
through  the  air-stripper.  This  will  advoid  TCE  release  to  the  atmosphere. 

The  unit  will  be  field  tested  in  the  summer  of  1989. 

Removal  of  a  fuel  spill  using  hydrogen  peroxide  U.S.  Coast  Guard/in-house 

A  50  foot  interval  of  aquifer  contaminated  with  aviation  gasoline  has  been 
remediated  by  circulating  water  amended  with  mineral  nutrients  and  hydrogen 
peroxide.  Based  on  the  total  amount  of  fuel  in  the  aquifer,  each  liter  of  ground 
water  in  the  contaminated  interval  would  require  90,000  mg  of  oxygen  for 
complete  bioreclaimation.  The  demonstration  only  required  3,000  mg  oxygen 
per  liter  of  ground  water.  This  corresponds  closely  to  the  theoretical 
oxygen  demand  of  the  BTX  fraction  of  the  fuel  spill.  Apparently,  biological 
activit-v  selectively  removed  the  compounds  of  regulatory  concern. 


Remediation  of  an  oily  waste  using  nitrate  U.S.  Coast  Guard/in-house /L'.S.  Air  Force 


Nitrate  will  be  used  to  remediate  a  jet  fuel  spill.  Nitrate  does  not  cause 
some  of  the  plugging  problems  often  seen  with  hydrogen  peroxide.  The  demonstration 
will  start  in  the  winter  of  1988/89. 

in-house 


Microcosms  are  being  used  to  define  the  kinetics  and  stoichiometry  of 
denitrification  of  the  alkyl  benzenes,  and  other  components  of  fuels. 

Removal  of  carbon  tetrachloride  from  an  aquifer  Biosystems/Stanford 


In  the  spring  of  1989,  the  Moffett  Field  facility  will  be  used  to  study 
co-oxidation  of  carbon  tetrachloride  supported  by  denitrification  of  certain 
alcohols. 


Natural  anaerobic  bi'o-transform3tion  of  TCE  In  aquifers 


USCG/  in-house 


Cores  win  be  acquired  from  an  aquifer  that  transforms  a  plume  of  TCE  to 
dichloroethylene  and  vinyl  chloride.  The  cores  will  be  used  to  construct 
microcosms.  The  kinetics  of  TCE  biotransformation  in  the  microcosms  will  be 
compared  to  the  actual  rate  of  transformation  in  the  field. 


Natural  removal  of  atrazine  in  water-table  aquifers  NSI/  in-house 

Aseptic  cores  will  be  acquired  from  water  table  aquifers  to  assess  the  capacity 
of  microorganisms  that  occur  naturally  in  aquifers  to  degrade  atrazine. 

Cores  will  be  obtained  from  areas  that  have  received  atrazine  and  control 
areas  that  have  not.  The  first  set  of  cores  will  be  obtained  In  0/89. 


Anaerobic  and  aerobic  biotransformation  of  PCBs  NSI/  in-house 

Prospects  for  the  transformation  of  PCBs  will  be  examined  in  mixed  oily 
waste.  The  possibility  of  co-oxidation  of  PCBs  during  aerobic  metabolism 
of  high-molecular-weight  hydrocarbons  will  be  examined.  Reductive  dechlorination 
of  PCBs  during  anaerobic  metabolism  of  butyrate  will  also  be  examined. 

The  wastes  have  been  acquired  from  Superfund  sites  and  are  undergoing 
an  initial  chemical  screening. 


Environmental  biochemistry  of  TCE  co-oxidation  NCGWR  at  OSU 

The  mono-oxygenases  of  a  variety  of  microorganisms  are  being  compared  at 
the  genetic  and  biochemical  level.  The  monooxygenases  are  being  screened 
to  identify  the  most  apporpriate  enzyme  for  the  construction  of  a  strain 
capable  of  degrading  TCE  as  a  sole  carbon  and  energy  source. 


Kinetics  of  denitrification  in  aquifers  Oregon  State  University/  in-house 

The  kinetics  of  denitrification  of  simple  organics  such  as  ethanol  are  being 
studied  in  a  large  laboratory  physical  model.  The  object  is  to  develop  in-situ 
techniques  for  nitrate  removal.  The  effect  of  substrate  concentration  on 
aquifer  plugging  is  being  systematically  explored. 


Biotransforwation  of  BTX  by  sulfate  reducing  organisms  in-house 

Mixed  cultures  capable  of  removing  al kyl benzenes  under  sulfate-reducing 
conditions  have  been  isolated  from  a  drip-gas  site.  Uork  is  in  progress 
to  identify  the  biochemical  pathways,  and  to  characterize  the  organisms 
invol ved. 

Survival  of  genetically-engineered  organisms  in  hazardous  waste  sites  in-house 

A  microbe  capable  of  denitrifying  toluene  will  be  labelled  using  genetic 
techniques,  then  the  propagation  and  survival  of  the  organism  will  be 
studied  in  aquifer  material  contaminated  with  JP-4  jet  fuel.  The  plasmids 
necessary  to  construct  the  strain  have  been  obtained. 


APPLIED  RESEARCH 
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Permits,  Negotiating  trade-offs  between  cost  and  time 
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S/rE  SECURITY  AND  OPERATIONAL  OVERSIGHT 


THE  OPERATION 
SYSTEM  AS  WELL 
PERFORMANCE 
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U.S.  GEOLOGICAL  SURVEY,  DEPARTMENT  OF  THE  INTERIOR 

TOXIC  WASTE- 

GROUND-WATER  CONTAMINATION 


BACKGROUND 

Safe  cleanup  and  management  of  hazardoui  wastes  is 
one  of  the  most  critical  environmental  problems  that  will 
confront  the  United  States  for  the  next  several  decades. 
Of  the  35  million  tons  of  hazardous  waste  disposed  of 
In  1979,  the  U.S.  Environme&tal  Protection  Agency 
(EPA)  estimates  that  90  percent  wu  handled  improperly. 
Improper  disposal  of  hazardous  wane  imposes  high  cosu 
on  the  public  and  affects  human  health  and  safety.  The 
ben  to  Clean  up  and  contain  contaminated  ground  water 
can  be  at  high  as  several  million  dollars  per  site.  Although 
mon  of  our  Nation's  ground  water  remains  uncontami* 
nated,  in  local  industrial  and  agricultural  areas  some 
giound  water  has  been  severely  affected.  In  recent 
yean,  hundreds  of  wells  supplying  drinking  water  to 
mfliinni  of  people  have  bea  condemned  because  of 
contamination. 

Tha  variety  of  toxic  substances  requiring  disposal  is 
incieasing  and  the  quantity  of  waste  is  growing  3  to  5  per. 
cent  aimuaily.  Safe  management  of  these  wastes  merita 
at  much  attentian  as  cleanup  of  wastes  that  already  con* 
taminate  or  threaten  tne  environment.  Present  techno, 
logy  and  regulations  are  not  adequate  to  protect  the 
public  from  all  hazaidoua.wttte  contamination  in  a  cost* 
sffectivs  manner.  M^r  technical  questiont  are  yet  to 
be  answered  regarding  the  behavior  of  specific  wastes 
under  different  hydrogeologic  conditions  and  on  the 
safety,  suitability,  and  economics  of  v  asts  disposal  and 
att«.restoration  methods. 

■raE  UA  GEOLOaCAL  SURVEY  TOMC 
WASTE — OlOUND-WA'IER  CONTAMINATIOTf 
PROGRAM 

Waste  disposal  and  contamination  of  water  am  insepa* 
table  issues.  Water  flowing  on  or  beneath  the  land  sur* 
face  dissolves  and  transporu  wastes.  The  natural  water 
circulating  in  its  geolo^  framework  (toils  and  rock) 
both  spreads  and,  in  some  situations,  cleanses  contami* 
nated  water.  The  U.S.  Geological  Survey  (TJSCS),  since 
its  inception  in  1S79,  has  been  concerned  with  tbs 


development  of  earth-science  information  related  to 
water  contamination.  Its  many  studies  in  hydrology,  the 
study  of  the  movement  of  water  and  its  chemical  con¬ 
stituents  through  surface-  and  ground-water  systems,  and 
in  geology,  the  srrdy  of  the  earth  arul  the  processes 
acting  on  it,  provide  the  sdentifle  information  necessary 
to  properly  manage  hazardous  waste. 

In  fiscal  year  1982,  the  USGS  began  an  interdisci¬ 
plinary  ptDgnm-~the  Hazardotu  Waste  Hydrology 
Program — to  provide  the  Nation  with  earth-scienca  infor¬ 
mation  that  can  be  used  to  improve  waste-management 
practices  and  to  help  solve  problems  of  toxic-waste 
management  and  ground-water  contamination.  The 
Hazardous-Waste  Hydrology  Program,  which  includes 
the  Toxic-Waste— Ground-Water  Contamination  Pro- 
grim  and  prograrru  concerned  with  the  dispool  of 
low-level  *ai  high-level  nuclear  wastes,  builda  upon 
infonnation  about  the  impact  of  hazardous  wastes  on 
water  quality  derived  from  past  and  present  related 
USGS  programs,  such  u  Radioaettve  Wane  Dispoaal — 
Nuclear  Hydrobrgy,  Regional  Aquifer-Systems  Arulysis 
(RASA)  Program,  Federal-Sute  Cooperative  Progr^ 
Subsurface  Waste-Storage  Program,  .ud  studies  of  giidal 
deposits  in  the  Eastern  United  Stetes. 

^rpomt 

The  purpose  of  the  Toxic  Wsne — Ground  V/ster  Con- 
teminetion  Program  Is  to  provide  other  redetil  agendes 
(wch  u  the  EPA),  State  and  local  |;ovetnmenti,  and 
fardusuy  with  earth^dencea  information  that  they  need 
in  order  to  improve  wane  disposel-practires  end  regula- 
tiosa  and  to  solve  existing  and  prevent  fjtuie  problems 
rdeted  to  management  of  toxic-wanes. 

ActMtisK 

0  Bring  together  USGS  sdentistr  representing  differ¬ 
ent  diidpUnes,  such  u  hydrology,  geology,  geo¬ 
chemistry,  and  microbiology,  to  study  tbs  be¬ 
havior  and  feta  of  contammants  in  the  subsurface 
environment. 


W.!t»!Wp8M 


Develop  technical  fuidelinei  for  application  of 
earth-science  ptindpies  to  the  disposal  of  toxic 
wwtet  and  the  manacement  of  contamination 
probletns. 

Asaen  the  leneral  state  and  trends  of  ground-water 
quality  across  the  Nation. 

Improve  monitoring,  sampling,  and  ‘'exploration’’ 
procedures  that  define  and  analyze  die  potential 
for  or  extent  of  ground-water  contamhution. 
Develop  predictive  models  and  assea  their  reli¬ 
ability  and  value  for  determining  the  potential  for 
or  extent  of  ground-water  contamination  from 
disposal  sites. 


•  Provide  information  in  teadiiy  understandable 
language  and  usable  fonnau  to  Federal,  State,  and 
local  agencies  and  to  industry. 

Information  on  technical  reports,  overview  reports, 
and  hydrologic  dau  related  to  USDS  Toxic  Wute — 
Ground-Water  Contamirution  Program  can  be  obtained 
from: 

Hydrologic  Information  Unit 
U.S.  Geological  Survey 
419  National  Center 
Jteston,  Virginia  22092 
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Introduction 

The  Engineering  Research  Center  Program  was  initialed  by  the  National  Science 
Foundation  (N3F)  in  1985  to  utilize  American  universities  on  the  front  line  of  research  and 
education  directed  at  the  needs  of  technology-intensive  US  industries.  With  their  interdisciplinary 
emphasis  and  strong  systems  orientation,  these  centers  have  been  conceived  to  play  a  vital  role  in 
our  nation's  competitiveness  in  world  markets. 

Although  there  arc  currently  18  Centers  operating  across  the  country,  ouis  at  UCLA  is  the 
only  one  with  an  en’/ironmental  mission.  In  addition,  NSF  sponsorship  gives  our  program  a 
longer  term  and  broader  perspective  than  those  found  in  EPA-sponsored  and  industrial-consortium 
type  centers.  Our  Center  is  also  inherently  much  more  involved  in  developing  educational  and 
fundamental  research  programs  designed  to  attract  "the  best  and  the  brightest"  smdents  to  the  field 
of  environmental  enginecriitg. 

To  solve  our  environmental  problems  we  must  encourage  a  positive,  complementary 
relationship  between  government  and  industry.  Our  Center  contributes  to  this  process  by  offering 
a  neutral  forum  where  key  technical  professionals  in  government  gain  exposure  to  the  needs  and 
concerns  of  irxluscy.  These  same  government  people  will  ultimately  influence  their  non-technical 
regulatory  colleagues  to  adopt  an  approach  to  environmental  problems  that  is  both  fair  to  indurtry 
and  yet  protects  society. 
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By  providing  seed  funding,  NSF  has  taken  an  important  step  in  creating  an  incentive  for 
cross-disciplinary,  problem-focused,  coUaboradve  research  and  training  within  our  educational 
system.  By  secldng  industrial  participation  in  the  oversight  and  support  of  NSF  Centers,  it  is 
providing  the  additional  incentive  for  tesang  the  relevance  of  Center-sponsored  research  to  real 
industrial  and  societal  needs. 

Our  prmary  goals  are  to  conduct  ground-breaking  research  on  advanced  technologies  and 
risk  assessment;  to  transfer  effectively  new  technologies  to  industry,  government  and  academia;  to 
promote  and  conduct  quality  education  in  the  environmental  area;  and  to  foster  industry  and 
government  collaboration  in  our  endeavors.  An  interdisciplinary  approach  is  taken  toward  the 
achievement  of  our  Center  goals.  Representatives  from  five  departments  in  the  School  of 
Engineering  and  Applied  Science,  from  the  School  of  Public  Health,  from  the  Department  of 
Chemistry  and  Biochemistry,  and  from  the  Graduate  School  of  Library  and  Information  Science 
participate  in  research,  education  and  training. 

Center  activities  are  administered  by  a  Directorate  composed  of  our  Director,  Executive 
Director,  and  Thrust  Leaders  in  each  of  four  research  areas:  Waste  Minimization,  Treatment  and 
Disposal,  Risk  and  Systems,  and  Remediation  (see  Fig.  1,  "ERC  Organization").  Industry  and 
Government  representatives  contribute  valuable  input  to  our  program  through  tiie  Policy  Advisory 
Group  and  the  Technical  Advisory  Committees  (Fig.  2)  and  by  collaborating  in  research,  education 
and  technology  transfer  at  the  Center.  Research  in  biotechnology  at  our  ERC  for  Hazardous 
Substance  Control  cuts  across  three  of  our  Research  Thrust  areas,  waste  minimization,  treatment 
and  disposal,  and  remediation.  Ongoing  projects  include  groimd-brcaking,  exploratory  research 
into  new  methods  for  the  biodegradation  of  hydrocarbons  and  halogenatcd  hydrocarbons  and  the 
selective  recovery  of  toxic  heavy  metal  species  from  dilute  aqueous  solution. 
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Microbial  Degradation:  Detoxification  by  Bacterial  P*450  Moiiooxygenase— V. 
Vilker,  Chemical  Engineering  Department 

Biotreatment  relies  on  microorganisms  that  have  the  abihty  to  degrade  specific  contaminants 
to  harmless  byproducts.  Halocarbon  contaminants,  which  arc  a  widespread  problem  affecting 
subsurface  water  quality,  have  been  generally  regarded  as  biorcfractory  because  few 
microorganisms  possess  the  enzymes  to  degrade  part-pcr-million  or  lower  concentrations  of 
halocarbons. 

Most  microbial  treatment  processes  for  elimination  of  organic  chemicals  like  trichlorocthcnc 
(TCE)  or  dibromochloropropane  (DBCP),  regardless  of  whether  they  occur  naturally  in  a  soil 
remediation  or  if  they  are  "engineered"  into  the  design  of  a  wastewater  treatment  device,  require 
microorganisms  that  use  the  substrate  to  be  removed  as  a  primary  carbon  or  energy  source.  In  our 
research,  we  arc  looking  at  microorganisms  and/or  the  enzyme  systems  which  they  generate  that 
can  be  engineered  to  cany  out  detoxification  reactions  on  organics  for  which  the  concentration 
levels  are  so  low  that  they  would  not  satisfy  food  or  energy  needs. 

Our  current  smdies  are  on  the  generation  and  use  of  microbial  P-450  monooxygenasc 
enzyme  systems  in  specially-cultured  P.  putida  bacteria  for  the  detoxification  of  these  hazardous 
organic  compounds.  The  conversion  of  BTM  (Cl3CBr)  to  chloroform  (sec  Fig.  3)  indicates  a 
reductive  biodehalogenation  mechanism  in  the  aerobic  P.  putida  cultures.  Also,  we  have  been 
investigating  the  activity  of  resting  cultures  of  P.  putida  PpG-786  for  degrading  trace  levels  of  the 
substrate  l,2-<iibromo-3-chloropropanc  (DBCP)  as  a  function  of  the  intracellular  concentration  of 
the  enzyme  cytochrome  P-450cain  monooxygenasc.  The  enzyme  is  generated  only  when  camphor 
is  used  as  sole  carbon  source  during  culturing  of  the  bacteria.  Spectrophotometric  measurements 
of  intracellular  P-450  monooxygenasc  concentration  correlates  with  the  ability  of  P.  putida  cells  to 
carry  out  biodehalogenation,  although  other  intracellular  electron  transfer  reactions  are  also 
sigioficant  to  determining  the  overall  rate.  Comparing  reported  octanol/watcr  partition  coefficicn£s 
and  measured  degradation  kinetics  for  BTM  and  DBCP  suggest  that  the  overall  biodehalogenation 
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by  resting  bacteria  cells  is  under  intrinsic  en2yine  kinetic  control,  and  not  by  rate  of  halocarbon 
permeation  through  the  cell  membrane. 

Ko/w  ti/2,  minutes 

BTM  1000  90 

DBCP  100  15 

The  stability  of  both  the  intracellular  enzyme  concentration  and  dehalogenation  activity  were 
shown  to  decline  when  the  resting  culn»res  were  aged  up  to  48  hoitrs  at  room  temperature.  The 
activity  and  enzyme  were  retained  when  the  cultures  were  aged  to  48  hours  at  refrigeration 
temperatures.  This  data  is  especially  exciting  because  it  offers  first  evidence  that  there  may  be  a 
way  to  stabilize  monooxygenase  activity  for  long  enough  time  to  use  the  organisms  in  field 
remediation  situations.  Hopefully,  this  stabilization  will  be  achievable  at  temperatures  somewhat 
higher  than  4°C.  Dehalogenation  activity  did  not  coirelaic  as  well  with  cell  viability  as  with  enzyme 
concentration.  DBCP  toxicity  toward  the  bacteria  was  present  over  the  entire  substrate 
concentration  range  that  was  investigated,  and  at  about  one  millimolar  initial  DBCP  concenffation, 
dehalogenation  activity  was  almost  completely  lost  (sec  Fig.  4). 

During  the  next  twelve  months,  the  focus  of  the  research  will  be  on  two  projects.  In  the 
first  we  will  continue  our  efforts  to  understand  better  how  the  culturing  conditions  of  P.  putida 
during  camphor  metabolism,  and  to  obtain  high  productivity  of  cytochrome  P-450  enzyme  that  is 
also  active  for  biodehalogenation.  The  advantage  of  a  continuous  culture  system  is  that  the  effect 
of  individual  parameters  can  be  analyzed,  and  it  provides  a  constant  source  of  ceils  in  an 
exponential  phase  of  growth.  The  studies  will  be  conducted  in  a  chemostat,  which  can  be  operated 
in  a  batch  or  continuous  mode,  and  which  consists  of  a  2  liter  stirred  vessel  and  peripheral 
equipment  to  control  temperature,  pH,  agitation  and  dissolved  oxygen. 

In  the  second  project,  we  intend  to  study  the  activity  of  this  bactcria/enzymc  combination 
for  degrading  trace  levels  of  phenanthrene,  a  polynuclear  aromatic  hydrocarbon.  Microsomal 
enzymes,  particularly  microsomal  P-450,  and  fungal  enzyme  systems  have  been  shown  to  degrade 
phenanthrene  and  other  PAH's  via  a  monooxygenase  enzyme  catalyzed  pathway.  Studies  on 
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bacterial  enzyme  systems  to  date  have  focused,  however,  on  the  dioxygenase  enzyme  catalyzed 
degradation  pathways  of  organisms  induced  by  or  grown  on  the  compound  of  interest  or  one 
which  is  closely  related.  Degradation  of  trace  amounts  of  contaminants  is  not  possible  via  these 
dioxygenase  systems.  In  this  project,  we  wiL’  assess  the  feasibility  for  PAH  degradation  via  the 
extensively  studied  bacterial  P-450cam  monooxygenasc  enzyme  study  of  P.  puiida  PpG-786. 

Microbial  Degradation:  Haiocarbon  Degradation  by  Methane-Oxidizing  Bacteria— 
R.  Mah,  School  of  Public  Health 

Introduction:  Recalcitrant  halogenated  and  nonhalogenated  organic  compounds  are 
difficult  to  eliminate  from  the  environment  and  arc  becoming  increasingly  problematic  as 
pollutants.  Trichloroethylene  (TCE)  and  other  chlorinated,  organic  chemicals  are.  widely  used  as 
solvents  and  as  feedstock  in  the  plastics  manufacturing  industry.  Recalcitrant,  nonchlorinated 
organic  compounds  are  components  of  fuels,  oils,  and  lubricants.  In  aquifers  near  spill  and 
disposal  sites,  chlorinated  and  nonchlorinated  compounds  are  detected  at  concentrations  up  to 
many  thousand  ppb.  They  are  persistent  in  the  environment  and  may  be  transported  rapidly  in 
groundwater.  Chlorinated  organic  compounds  may  be  biologically  transfcnced  by  various 
consorria  of  anaerobic  bacteria;  however,  some  of  tlie  resulting  transformation  products,  e.g., 
vinyl  chloride,  are  more  toxic  to  man  than  the  original  materials.  Microbiological  evidence 
indicates  a  role  for  aerobic,  methane-oxidizing  bacteria  in  the  formation  of  enzymes  which  may 
play  a  role  in  the  co-metabolism  of  the  chemically  analogous  compounds.  One  of  the  goals  of  our 
project  is  to  determine  if  soil  samples  obtained  from  contaminated  groundwater  aquifers  may  be 
enriched  for  aerobic,  methane-oxidizing  bacteria,  if  these  organisms  can  aerobically 
degrade/transform  recalcitrant  compounds,  such  as  TCE  and  others,  and  to  study  the 
biotransformation  to  find  ways  to  enhance  in  situ  treatment 

We  have  isolated  in  pure  culture  the  methane-oxidizing  bacteria  from  enrichment  cultures 
inoculated  with  sediment  from  a  contaminated  groundwater  aquifer  and  sediment  from  an 
uncontaminated  freshwater  stream.  Both  organisms  are  cocco-bacillus  shaped.  Gram  negative. 
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caialasc  negative,  strictly  aerobic  micnxjrganisnas  that  can  use  methane  or  methanol  as  sole  sources 
of  carbon  and  energy.  The  ability  of  the  pure  cultures  to  transform  TCE  was  tested  and  the  time- 
course  of  TCE  transformation  was  determined;  TCE  was  transformed  by  the  pure  cultures  as  well 
as  the  mixed,  enrichment  cultures.  After  growth  on  methanol  the  ability  to  metabolize  methane  and 
TCE  was  inhibited.  The  isolate  form  the  contaminated  aquifer  could  not  use  chlorinated,  shon 
chain  carbon  compounds,  sugars,  yeasr  extract,  or  Trypticase  peptone  as  sole  sources  of  growth 
and  energy;  sludge  extract  was  used.  We  have  determined  the  temperature,  25°C,  and  pH,  6.4,  for 
optimum  growth  of  the  isolate. 

We  are  conducting  further  studies  to  assess  the  ability  of  the  pure  cultures,  enrichment 
cultures,  and  other  samples  for  the  ability  to  transform  chlorinated  and  other  organic  compounds. 

Methane-oxidizing  enrichment  cultures:  Soil  and  water  from  a  depth  of  9  to  10 
meten  were  collected  tfom  a  TCE-coniaminated  groundwater  aquifer  beneath  the  Rockwell 
Corporation,  Canoga  Park,  CA  and  a  sediment  sample  was  collected  from  a  freshwater  stream  on 
the  UCLA  campus.  Samples  of  the  aquifer  soil  were  used  to  inoculate  enrichment  cultures 
containing  an  aquifer-water  based  medium,  the  stream  sediment  was  inoculated  into  synthetic 
mineral  medium;  both  were  given  methane  gas  as  the  energy  substrate.  Active  methane-oxidizing 
enrichment  cultures  were  obtained  from  samples  of  both  sites.  When  transferred  to  the  same 
media,  the  cultures  grew  more  quickly  than  the  first  incubation.  This  finding  showed  that  there  are 
in  situ  methane-oxidizing  bacteria  in  the  sediments  and  that  their  numbers  may  be  increased  by 
enrichment  with  methane  gas. 

The  aquifer  water  medium  was  replaced  with  the  synthetic  medium  and  the  culture  grew, 
even  after  many  transfers,  just  as  well  in  the  synthetic  mineral  medium,  showing  that  no  growth 
factors  m  the  aquifer  water  were  required.  For  all  further  work  the  synthetic,  mineral  medium  was 
used. 

Experiments  to  determine  if  the  methane-oxidizing  enrichment  cultures  could  transform 
TCE  were  iiutiated  by  inoculating  cultures  into  medium  with  added  TCE.  Methane-dependent 
TCE-cransformation  occurred  and  twice  the  quantity  of  TCE  was  transformed  when  methane  was 
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present  compared  to  control  cultures  without  methane.  Figure  5  shows  the  results  of  an 
experiment  in  which  the  transformation  of  TCE  was  followed  over  time  in  the  Rockwell 
enrichment  cultiurs  with  different  condidons.  TCE  was  measured  in  headspace-gas  samples  with 
a  gas-chromatograph  equipped  with  an  electron  capture  detector  squares,  culture  fed  5%  methane; 
diamonds,  culture  with  methanol;  triangle,  autoclaved  control  with  methane;  cross,  culture  with  no 
substrate. 

TCE  has  been  found  in  waste-site  leachates  at  concentradons  of  thousands  of  Jig  L**.  We 
found  that  TCE  was  not  toxic  to  the  cultures  at  concentradons  up  to  1000  pg  L'*.  Figure  6  shows 
the  results  of  an  experiment  to  determine  if  the  methane-oxidizing  enrichment  cultures,  grown  with 
inoculum  from  sediment  samples  collected  from  the  TCE-contaminatcd  aquifer  beneath  Rockwell 
Intemadonal,  Canoga  Park,  California,  are  inhibited  by  high  concentradons  of  TCE.  The  opdeal 
density  of  rhe  cultures  is  on  the  y-axis  and  dme,  in  days,  on  the  x-axis.  Conclusions  are  that  the 
culture  was  not  inhibited  by  high  TCE  concentrations  and  we  considered  these  data  when 
designing  experiments  to  study  transformation  of  TCE. 

Pure  cultures:  To  further  our  studies  on  the  TCE  transforming  ability  of  our  cultures,  we 
wished  to  isolate  the  most  numerous  methane-oxidizing  organisms  present  in  the  cultures.  To 
isolate  the  organisms,  we  prepared  solid  plate-medium  by  adding  purified  Gelrite,  a  bactcrially 
derived  gelling  agent  similar  to  agar,  to  the  synthetic  mineral  medium.  We  streaked  samples  of  the 
liquid  enrichment  cultures  on  the  plates  and  incubated  them  in  closed  vessels  with  a  methane/air 
atmosphere.  Repeated  attempts  at  isolation  on  plates  gave  no  methane  consuming  colonies,  only 
organisms  that  were  metabolizing  the  impurities  in  the  Gelrite.  We  postulated  that  insufficient 
methane  and/or  air  was  entering  the  plates  under  the  lids  and  so  we  devised  a  different  system  for 
isolation  of  the  organisms  on  solid  medium.  To  improve  gas-transfer  to  the  cultures  molten  solid- 
medium  was  solidified  on  tf:e  sides  of  65  ml  serum  vials,  serial  ten-fold  dilutions  of  liquid  culmres 
were  inoculated  onto  the  solid  surface  by  streaking  through  the  opening,  the  vials  were  sealed  with 
butyl  rubber  stoppers,  and  methane  was  added.  W’ithin  several  days  methane  consumption  began 
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and  colonics  were  visible.  Colonies  were  picked  and  streaked  on  the  same  medium  several  times 
to  ensure  strain  purity  and  finally  transferred  to  sterile  liquid  medium. 

Both  organisms  are  cocco-bacillus  shaped.  Gram  negative,  catalase  negative,  strictly 
aerobic  microorganisms  that  can  use  methane  or  methanol  as  their  sole  sources  of  carbon  and 
energy.  Transmission  electron  micrographs  of  whole  cells  of  the  isolates  show  bundles  of  parallel, 
stacked  membranes  within  the  cells.  Clusters  of  such  membranes  are  typical  of  methylotrophic 
bacteria  and  the  ch.araaeristic  parallel/stacked  arrangement  shows  that  our  isolates  are  'Type  One" 
methylotrophs. 

The  optimum  temperature  for  gi'owth  of  Uie  isolates  is  25“C  and  the  optimum  pH  is  6.4. 
The  time-course  of  TCE  transformation  and  methane  depletion  by  the  pure  cultures  has  been 
measured.  TCE  transformation  begins  when  methane  is  limiting  at  the  end  of  the  growth  phase. 
TCE  was  degraded,  up  to  1500  |rg  L'^  within  four  days  during  the  growth  of  the  culture 
compared  to  uninoculated  controls  (Figure  7).  This  concentration  and  rate  is  greater  than  that 
reponed  by  other  studies  of  methane-dependent  TCE  transformation.  In  Figure  8,  it  is  shown  that 
the  Rockwell  methanotroph  can  degrade  TCE  to  200  ng  within  six  days  (diamonds  represent 
methane  consumption). 

Nutritutional  characteristics  and  energy  substrates  of  the  pure  culture  were  determined.  The 
addition  of  yeast  extract  of  Trypicase  peptone  (pancreatic  digest  of  casein)  did  not  enhance  the 
growth  rate  with  methane  and  they  were  not  used  as  growth  substrates;  however,  clarified 
anaerobic  digestor  sludge  supponed  growth.  The  chlorinated  compounds  chloroform, 
trichloroacetic  acid,  carbon  tetrachloride,  ethylene  dichloride,  1,3  dibromopropane,  1,1,1 
trichlorocthane,  and  the  carbohydrates  glucose,  sucrose  lactose,  galactose,  maimose,  xylose, 
maltose,  and  fructose  were  not  used  as  substrates  for  carbon  and  energy. 

Whole  cell  deoxyribonucleic  acid  of  the  isolates  has  been  purified;  the  mole  parent  guanine 
plus  cytosine  of  the  organisms  was  62%.  This  value  will  be  used  as  a  taxonomic  characteristic  for 
classification  of  the  microorganisms. 


Examination  of  other  classes  of  compounds:  The  techniques  that  we  have  used  to 
study  the  transformation  of  a  chlorinated  organic  compound  are  classic  methods  of  environmental 
microbiology.  We  have  employed  the  basic  concepts  of  enrichment  and  habitat  simulating  medium 
to  show  that  there  arc  naturally  occurring  microbes  in  the  local  environment  of  a  contaminated 
aquifer  site  capable  of  transforming  an  unnaturally  occurring,  xenobiotic  compound.  With  these 
same,  and  related,  techniques  we  will  examine  the  degiadation  of  other  compounds  that  are 
recalcitrant  and  environmentally  problematical.  We  are  consulting  with  other  members  of  the 
bioremediation  group  to  determine  what  chemicals  or  classes  of  compounds  would  be  appropriate 
and  fitting  with  the  overall  goals  of  the  Center. 

Optimization  of  growth  conditions:  We  will  continue  to  study  the  Rockwell  isolate 
and  begin  studying  the  pure  culture  from  UCLA  with  respect  to  optimization  of  TCE 
transformation  and  growth.  With  these  data  the  benefits  of  altering  the  physical  conditions  of 
aquifer  water  during  on-site,  in  situ,  treatment  to  enhance  contaminant  transformation  can  be 
determined. 

Co-metatx)Iic  studies:  Methane-oxidizing  bacteria  have  been  shown  to  transform  TCE, 
which  is  regarded  as  a  co-metabolic  substrate  of  the  enzyme  methane-monooxygenase.  The 
observation  that  TCE  transformation  occurs  after  methane  has  been  depleted  strongly  supports  the 
theory  that  TCE  is  attacked  as  a  co-metabolite  by  the  methane  oxidizing  enzymes  of  the  culnires.  If 
TCE  is  a  co-raetabolic  substrate  of  metliane-monooxygenase,  then  methane  would  be  a  direct 
competitor  with  TCE  at  the  enzyme's  active  site.  By  comparing  the  TCE  transformation  rate  of 
methane  limited  ceils  with  that  of  cells  which  are  actively  meubolizing  methane,  we  can  infer 
competitive  relationships.  Tliese  data  may  suggest  methane  feeding  regimens  at  in  situ  treatment 
sites  which  could  increase  TCE  transformation  with  decreased  methane  requirements.  We  will 
perform  the  same  studies  with  other  chlorinated  or  nonchlcwinatcd,  recalcitrant  organic  molecules. 
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Degradation  and  Biotransformation  of  Xyienois,  Cresols,  and  Polyaromatic 
Hydrocarbons  in  Acclimated  Activated  Sludge:  Use  of  Enrichment  Reactors  to 
Enhance  this  Process— M.  Stenstrom,  Civil  Engineering  Department 

The  activated  sludge  process  is  widely  used  to  treat  organic  wastes  in  both  publicly  ov/ned 
and  industrial  wastewater  treatment  plants.  The  process  is  being  used  more  and  more  to  treat 
organic  hazardous  wastes.  Various  modificadons  are  being  developed  to  optimize  the  process  for 
removal  of  specific  compounds.  The  use  of  an  enrichment  reactor,  fed  spcciiic  compounds  is  one 
such  approach. 

Structural  analogs  of  target  compounds,  intermediates  in  the  degradation  pathways  of  the 
target  compounds,  and  compounds  causing  gratuitous  induction  of  enzymes  utilized  for  the 
degradation  of  the  target  compounds  are  used  in  the  enrichment  reactors.  The  enrichment  reactor  is 
separate  from  the  main  activated  sludge  process  and  can  be  o^'erated  under  different  conditions  and 
geometries,  e.g.,  batch  sequencing  reactors,  to  provide  optimal  growth  conditions  (see  Fig.  9). 

In  this  study  two  classes  of  target  compounds  arc  being  investigated:  mcnthylatcd  phenols 
such  as  xyienois,  cresols  and  trimethylphcnols,  and  PAH’s  (polyaromatic  hydrocarbons)  such  as 
napthalcne,  phcnanthrcnc  and  anthracene.  2,4,  xylcnol  was  used  as  a  structural  analogue  for  the 
first  class  of  compounds.  For  the  second  class  of  compounds  2-amino  benzoic  acid  and  salycilate 
were  used  because  they  are  degradation  intermediates  and/or  caused  gratuitous  induction  of 
enzymes.  Figure  10  shows  time  curves  for  degradation  of  napthalcne  in  batch  reactors  containing 
activated  sludge  conditioned  on  napthalcne  and  glucosc/nutrient  broth,  aminobenzoic  acid  and 
succinate,  and  salicylate.  The  ordinate  on  this  plot  is  napthalcne  concentration  normalized  to  its 
initial  concentration  and  the  average  biomass  concentration,  MLVSS.  Results  to  date  show  that 
enrichment  reactors  can  be  used  to  provide  improved  treatment  efficiency  by  accelerating  removal 
rates  for  the  target  compounds.  Both  classes  of  compounds  showed  enhanced  removal.  Future 
work  will  be  focused  on  expanding  these  findings. 

Basic  computer  modeling  and  simulation  of  the  volatilization  or  stripping  of  organics  from 
activated  sludge,  using  oxygen  as  the  tracer  is  also  included. 
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Biomimetic  Systems  for  Metal  Waste  Minimization*'H.G.  Monbouquette, 
Chemical  Engineering  Depsrtment 

The  processing  of  hazardous  metal-laden  wastes  presents  a  unique  challenge.  Unlike  toxic 
organics,  dissolved  heavy  metal  species  cannot  be  converted  through  degradarive  means  to  non¬ 
toxic  substances.  There  are  only  two  alternatives:  isolate  the  contaminated  waste  from  the 
biosphere  or  recover  the  metal  for  return  to  a  process.  Given  the  high  strategic  and  economic  value 
of  many  heavy  metals,  the  latter  approach,  where  possible,  is  often  the  most  pracdcaL 

Highly  toxic  metal-laden  waste  is  generated  by  a  number  of  industries  including:  oil 
refining,  energy,  mining,  nuclear,  microelectronics,  aerospace,  and  electroplating.  Since 
electroplaters  use  many  of  the  same  toxic  heavy  metals  in  plating  processes  as  appear  in  their 
aqueous  waste  streams,  this  industry  is  a  logical  target  for  a  waste  minimization  effort.  The  major 
metal-laden  waste  streams  originate  from  die  rinsing  of  plated  substrates  between  process  steps  and 
from  spent  acid  cleaning  and  plating  baths.  The  rising  cost  of  disposal  fees,  more  stringent 
regulations  imposed  by  the  EPA,  and  the  value  of  recoverable  metals  have  encouraged 
electroplaters  and  other  metal  waste  generators  to  consider  processes  and  plant  designs  for  "zero 
metal  discharge". 

The  installation  of  more  efficient  continuous  plating  plants  could  do  much  to  reduce  waste 
generation.  However,  implementation  of  this  strategy  will  require  the  development  of  new  sensing 
and  control  systems  to  govern  die  plating  process.  Oonentiy,  electrcpiar  .g  is  carried  out  primarily 
as  a  batch  process  with  few  contxol.s,  e.g.,  time  and  current.  There  is  a  critical  need  for  sensors 
capable  of  monitoring  plating  bath,  rinse  and  effluent  stream  composition. 

In  order  to  achieve  the  goal  of  zero  metal  discharge,  technologies  must  be  developed  to 
ensure  that  virtually  the  only  metal  oudet  from  the  plant  is  the  final  plated  product  The  currendy 
available  methods  of  metal  recovery,  evaporation,  elcctrodialysis,  reverse  osmosis,  and  electrolytic 
cell  processes,  all  are  deficient  for  one  or  more  of  the  following  reasons:  lack  of  selectivity, 
inability  to  reduce  metal-ion  concentration  to  EPA  standards,  instability,  and/or  high  operating 
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cost.  There  is  a  growing  body  of  evidence,  however,  indicating  that  biologically-derived  or 
biomimedc  mctal-rccovcry  systems  may  exhibit  the  required  selectivity  (separation  factors  >10^), 
metal-sorbing  capability  (binding  constants  up  to  10^^,  and  low  operating  cost. 

Highly  efficient  mechanisms  such  as  the  inducible  synthesis  of  specific  mctal-romplexing 
agents  (e.g.,  mctallothioncirs  and  sidcrophorcs)  and  membrane-based  metal  efflux  systems  have 
evolved  ir,  a  wide  variety  of  organisms  to  control  intracellular  metal  concentrations.  DeVoe  and 
Holbein  have  covalently  attached  siderophores  and  synthetic  sidcrophore-like  ligands  to  solid 
suppons  such  as  porous  glass  to  create  powerful,  highly  specific  sorbents  with  the  demonstrated 
capability  to  reduce  heavy  metal  concentrations  in  aqueous  streams  from  hundreds  of  ppm  to  less 
than  0.01  ppm.  Such  biomimedc  systems  should  be  explored  further,  both  for  the  design  of  metal 
recovery  systems  and  for  the  development  of  specif  c  metal-ion  sensors. 

We  propose  the  development  of  membrane-based  biomimedc  separadon  systems  that  utilize 
highly  selecdve  carriers  and  a  proton  gradient  to  "pump"  a  pardcular  metal  species  from  a  dilute 
waste  stream  to  a  metal-rich  solution  for  eventual  recycle  to  a  process.  By  coupling  multivalent 
metal  ion  transport  to  an  opposing  flux  of  protons,  metal  ions  can  be  concentrated  10,(XX)-fold  or 
more.  The  use  of  ether  lipids  from  archaebacteiia  in  ultrathin  (5  nm)  biomimedc  membrane 
systems  is  being  pursued  in  our  laboratory.  The  lipid  membranes  of  some  of  these  extremely 
thermophilic  bacteria  that  thrive  at  temperatures  of  up  to  105  ®C  and  pHs  <2.0  or  >9.0  have  been 
found  to  resist  decomposition  in  boiling  detergent  solutions. 

Similar  "supported  liquid  membrane"  systems  consisting  of  an  organic  solvent  with  a 
dissolved  lipophilic  metal  carrier  trapped  in  the  pores  of  a  hydrophobic  sheet  have  been  consmicted 
and  pilot  tested  for  the  the  ’Tcovery  of  heavy  metals.  The  best  of  these  systems  takes  full 
advantage  of  the  Donnan  Distribution  Law.  For  example,  by  coupling  divalent  metal  ion  transport 
to  the  opposing  flux  of  protons  down  a  10- fold  concentration  gradient,  100-fold  metal  ion 
concentration  factors  may  be  achieved. 


lipid 

layer 


Dcnnan  Dialysis  Membranes  utilize  charged  carriers  that  must  bind  cations  to  achieve 
neutrality  and  to  enable  their  diffusion  in  the  organic  solvent  filled  pores  of  the  membrane.  If  the 
initial  concentration  of  protons  on  side  I  of  the  membrane  is  much  greater  than  the  concentration  of 
a  multivalent  metal  cation  on  side  H,  the  flux  of  protons  down  its  concentration  gradient  can  be 
used  to  "pump"  the  metal  cation  up  its  concentration  gradient.  The  process  continues  until  Donnan 
equilibrium  conditions  are  reached. 


(Hi, 


where  Me  is  any  metal  ion  of  valence,  +z. 

A  major  drawback  to  currently  available  Donnan  Dialysis  Membranes  is  their  instability  due 
to  leakage  of  the  solvent  and  carrier  from  the  membrane  pores.  In  some  but  not  all  cases, 
continuous  membrane  regeneration  schemes  have  been  worked  out.  In  place  of  these  liqnid 
membranes,  the  use  of  ether  lipids  from  archaebactcria  in  ultrathin  bionrimetic  membrane  systems 
is  proposed.  Due  to  their  extreme  thinness  (5  nm)  much  improved  fluxes  of  metal  species  would 
be  expeaed. 

A  planar  geometry  system  has  the  advantage  that  the  metal  io.is  may  be  transferred  from  a 
continuously  flowing  waste  stream  on  one  side  of  the  membrane  to  a  metal-rich  stream  on  the 
other.  However,  due  to  the  extreme  thinness  of  our  proposed  system  these  membranes  may  be 


14 


quite  unstable  mechanically,  and  we  will  probably  have  to  explore  the  deposition  of  lipid  layers  on 
mechanical  supports  such  as  macroporcus  polypropylene  sheets  or  carbon  fiber  mats.  Similar 
systems  have  been  created  using  normal  phospholipids  and  synthetic  surfactants  but  have  not  been 
well  characterized.  In  contrast,  vesicles  must  be  harvested  in  an  ultrafilter  before  the  mettd  can  be 
recovered  by  lowering  the  pH  of  the  external  soiution  and  reversing  the  metal  pumping  action,  yet 
these  structures  are  much  more  stable  than  the  planar  membranes. 

The  creation  of  affinity  membrane  systems  for  metals  could  be  translated  into  the 
development  of  a  new  generation  of  very  high  sensitivity  metal  ion  sensing  electrodes  for  use  in 
process  monitoring  and  control.  Lipids  can  be  induced  to  self-form  a  defect-free  coating  on 
electrodes,  and  specific  metal  binding  species  can  be  incotporated  into  this  layer,  thereby  creating  a 
probe  for  a  panicular  metal  ion.  Preliminary  work  with  experimental  biomimetic  membrane 
systems  based  on  biological  sensing  mechanisms  indicates  that  detection  limits  of  at  least  lO'* 
molar  are  pxsssifale,  which  is  well  into  the  ppb  range  for  heavy  metals. 

An  Expert  System  to  Help  Control  an  Activated  Sludge  Treatment  Plant—D. 
Okrent,  Mechanical  Engineering  Department;  M.  Stenstrom,  J.B.  Neethling,  Civil 
Engineering  Department 

Of  all  the  biological  treatment  processes,  the  activated  sludge  treatment  plants  arc  best 
suited  to  handling  industrial  waste  with  organic  constituents.  These  plant®  arc  widely  used  and 
there  is  a  considerable  amount  of  data  experience,  and  open-literature  publication  on  the  subject 
Theoretical  models  have  been  developed  to  simulate  steady  state  and  dynamic  conditions,  which 
are  useful  for  design  and  economic  optimization  under  normal  operation.  However,  severe 
transients,  such  as  sludge  bulking,  do  occur;  they  are  not  completely  understood,  and  pose  a  major 
challenge  to  the  operator  to  keep  the  plant  on  line  and  still  meet  effluent  permit  requirements. 

This  projea  will  develop  an  expert  system  to  help  the  operator  recover  from  conditions  that 
would  otherwise  lead  to  a  situation  severe  enough  to  cause  shutdown.  In  part  the  expert  system 
will  depend  on  current  theories  as  to  the  cause  and  nature  of  upset  conditio-s.  In  part,  the  system 
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will  use  the  results  of  computer  analysis  of  data  from  an  existing  plant.  Chevron  Research  has 
expressed  an  interest  in  working  with  us  on  the  project  and  steps  have  been  taken  to  make  available 
data  from  the  Chevron  £1  Segundo  activated  sludge  plant 

Much  of  the  artificial  intelligence  methodology  developed  in  connection  with  the  expert 
system  to  aid  control  of  an  incinerator  will  be  relevant  to  this  project  Professor  Stenstrom  is 
familiar  with  the  El  Segundo  Plant,  having  worked  on  its  operation  and  design  with  Chevron 
engineers  for  over  five  years. 

It  is  anticipated  that  much  of  what  is  developed  will  be  generic  and  applicable  to  large 


numbers  of  similar  plants. 
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Figure  15.  Surface  and  ground-water  levels,  well  profiles,  and  distribution  with  depth  of  Total 
Petroleum  Hydrocarbons  (TPH)  in  the  POL  area,  Eglin  AFB,  Florida,  November  1986. 
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PRESENTATION  BY  DR.  GAYLEN  BRUBAKER 


8cr««Bla9  Critaria  for  Xa  aito  sioraelaaatloa  of  Coataaiaatad  Xquifara 


by 

Gaylan  R.  Bnibakar,  Pb.O. 
Raaadiation  Tachnologies,  Inc. 
127  Kingston  Placa,  Suita  105 
Chapal  Hill,  North  Carolina  27514 


INTRODUCTION 

An  increasing  number  of  Superfund  and  other  complex  industrial  sites  are 
moving  from  the  site  investigation,  or  Remedial  Investigation  (RI)  phase, 
into  the  Feasibility  Study  (FS)  phase  of  remediation.  In  the  process,  many 
environmental  scientists  and  angineers  will  be  raquircil  to  perform  site 
specific  evaluations  for  bioreaediation  techniques  without  the  benefit  of 
first-hand  rxperience  in  the  design  or  implementation  of  those  methods.  This 
paper  is  designed  to  provide  guidance  for  those  faced  with  this  challenge  who 
are  considering  the  in  situ  bioreclamation  of  contaminated  aquifers. 

Several  papers  in  recent  years  have  provided  general  descriptions  of  the 
technology  (4,6,14),  case  histories  (3,7,7)  and  descriptions  of  laboratory 
treatability  studies  (6).  This  paper  provides  a  simple  scoring  mechanism 
(Table  1)  to  help  the  environmental  engineer  evaluate  the  feamibility  of 
using  in  situ  bioreclamation  using  ths  information  which  is  typically 
gathered  during  a  remedial  invuatigation.  It  is  important  to' acknowladgs 
that  a  ona-paga  aat  of  questions  cannot  raplaca  tha  insights  of  an 
axperiancad  cnqinaor  or  the  results  of  a  datailad  faasibility/traatahility 
study;  but  hopefully  it  will  help  define  the  critical  isausa  for  a  particular 
sita. 

•  PROCESS  DESCRIPTION 

In  aitu  bioreclamation  involves  tha  introduction  of  microbial  nutrianta 
(tyviicaily  ammonia  and  orthophcaphata)  and  an  electron  acceptor  (typically 
oxygen,  delivered  as  a  solution  of  hydrogan  peroxida)  into  tha  sat’uratad  sons 
of  a  contaalnated  aquifer.  Since  these  aaterials  ere  all  readily  soluhla  in 
water,  the  process  delivers  the  nutrients  to  tha  contaminants  by  transporting 
aolutiona  of  the  materials  through  the  araas  of  contamination,  converting  tha 
region  into  a  "bloactive  rone".  Sroundwatar  is  also  withdrawn  from  the 
formation  to  maintain  hydraulic  containment  and  to  incrsasa  ths  hydraulic 
head  and  thus  the  flow  rate  of  nutrients  through  tha  formation.  Tho  captured 
eater  is  typically  treated  to  raaova  contaminants  and  than  a  major  portion  of 
tha  water  is  asendad  with  nutrianta  and  rainjactsd  (6).  This  procasa  is  much 
aora  aggressive  than  simple  groundwater  traataant  procsssaa  which  rely  on 
solubilization  and  transport  of  tha  contaminant  from  tha  aoil/groundwatar 
aatrix.  In  situ  procsssaa,  whan  compared  to  excavation  options,  also  have 
inherent  limitations  which  asks  definition  of  raasdial  objactivas  and  choice 
of  raaedlal  procaasas  closely  related.  In  situ  bioreclamation  ia  a  valuable 
technique  for  removing  a  large  portion  of  soil  and  groundwater  contamination 
and  protecting  groundwater  receptors.  However,  if  raaadiation  objactlvaa 
require  complata  destruction  of  aaall  concentrations  of  organics  within 
isolated  pockets  of  the  site,  the  probability  of  cuccess  will  be  vary 
dependant  on  tbe  homogeniety  of  the  formation. 

The  design  and  Inpleaantatlon  of  an  In  situ  bioreclamation  procasa  is 
controlled  by  several  Intarrelatad  characteristics  of  tha  sita.  Tl-aao 
include  the  biodegradability  and  phyaical  nature  of  tha  contaminant,  tha 
conpatibllity  of  microbial  nutrients  and  electron  acceotors  with  alts  soils, 
the  hydrogeological  setting  and  tha  general  physical  limitations  of  tha  axta 
surface.  These  laauea  will  be  sumnarized  by  Introducir.g  e  feasibility 
scoring  eystaa  which  provides  a  seaiquantltative  esseseaent  of  tha  aeee  with 
which  in  situ  bioreclemetion  can  be  lapleaanted  at  *  given  sita.  It  must  be 
remembered,  faowwver,  that  sites  which  ere  difficult  to  treat  with  this 
process  are  often  also  difficult  to  treat  with  other  in  situ  or  groundwater 


treatment  processes.  This  score  presents  only  a  comparison  of  the  ease  of 
treating  a  particular  site  using  in  situ  bioreclamation  relative  to  other 
sites,  not  relative  to  other  processes  at  the  same  site.  Since  metals  are 
not  usually  mobile  in  subsurface  environments  and  there  is  very  little 
experience  related  to  their  treatment  using  in  situ  microbial  processes,  this 
discussion  will  e  limited  to  a  discussion  of  organic  contaminants. 

CONTAMINANT  CHARACTERISTICS 

Although  there  is  no  doubt  that  the  microbial  environment  effects  the 
biodegradability  of  a  particular  chemical  in  a  particular  location,  it  is 
also  clear  thnt  certain  chemical  structures  are  inherently  more  accessible  to 
microbial  degradation  than  others  (10).  The  aqueous  solubility,  molecular 
size,  and  types  of  chemical  bonds  within  a  particular  chemical  structure  will 
effect  the  ability  of  a  bacteria  to  metabolize  the  molecule  and  obtain  energy 
from  the  process.  Several  literature  reviews  have  been  published  which 
summarize  the  general  "biodegradability*  of  the  types  of  compounds  which  are 
most  frequently  of  concern  (1,2,12,13).  In  addition,  at  least  one  reference 
also  provides  a  guide  to  the  concentrations  at  which  various  contaminants  may 
also  be  toxic  to  organisms  (13) .  Collectively  this  literature  can  be  used  to 
provide  the  reader  with  a  measure  of  the  bicdegradability  of  a  particular 
compound.  A  brief  summary  of  general  trends  of  aerobic  degradability  is 
provided  below  and  reflected  in  Section  lA  of  Table  1.  For  the  purposes  of 
this  paper,  a  material  isi  considered  easily  degradable  if  the  genetic  and 
enzymatic  equipment  required  for  the  degradation  of  a  compound  is  widely 
distributed  in  nature  and  if  bacteria  can  obtain  sufficient  energy  from  the 
compound  to  use  the  material  as  a  sole  carbon  source.  Although  newer 
innovative  techniques  may  lead  to  ways  of  treating  the  more  recalcitrant 
materials,  these  processes  are  likely  to  be  more  complex  than  those  currently 
being  used  on  gasoline  contaminants. 

Simple  hydrocarbons  and  light  petroleum  distillates  such  as  gasoline, 
]cerosene,  diesel,  jet  fuel  and  light  mineral  oils  are  generally  degradable. 
Their  rate  of  degradation  decreases  with  increasing  molecular  weight  and 
decreasing  solubility.  Increased  branching  and  cyclic  structures  also  slow 
the  degradation  process. 

Aromatic  hydrocarbons  with  up  to  two  rings  (Including  benzene,  toluene, 
xylene,  ethylbenzene  and  naphthalene)  are  readily  degradable.  The  rate  of 
degradation  of  larger  polyaromatic  hydrocarbons  decreases  as  siza  increaes 
and  solubility  decreases  (a  3  ring  RAH  contains  up  to  14  carbons) . 

Alcohols,  amines,  esters,  mercaptans,  carboxylic  acids,  and  nitriles  are 
also  usually  degradable,  but  these  compounds  also  tend  to  be  toxic  to 
unacclimatsd  bacteria  at  high  concentrations.  Nitro  substitution  and  ether 
linkages  usually  mak«  degradation  more  difficult. 

Chlorinated  hydrocarbons  (both  straight  chain  and  aromatic)  become 
Increasingly  difficult  to  degrade  as  the  degree  of  chlorine  substitution 
incrsat.eu.  a  rviult  polychlorinated  biphenyls  (PCBs)  and  other 
polychlorinated  hydrocarbons  (chloroform,  carbon  tetrachloride, 
tetrachl'jroethyleno,  trichloroethylene  and  dichloroethylenes)  are  not 
readily  biodegradad  aerobically,  and  are  toxic  at  ppm  levels. 

Psstlcic.4  are  another  *'ery  complex  sat  of  organic  contaminants.  In 
general  t-bosa  which  are  found  at  hazardous  waste  sites  (DDT,  Lindane, 

Aldrin,  Chlordane  etc.)  are  not  readily  biodegraded. 

The  degradation  of  visc-'us  organics  matsrials  like  numoer  6  fuel  oil, 
craosoti  and  refinery  wastes  are  often  controlled  by  their  physical  condition 
in  the  aoil/water  matrix.  If  they  are  present  as  small  droplets  of  oil 
occluded  witl>in  the  pores  of  a  soil,  there  will  be  very  little  exposed 
surface  area  for  degradation  and  the  process  will  be  Inhibited. 


Although  it  Is  difficult  to  quantify  ths  iaportanca  of  cont&sinant 
distribution  to  project  feasibility,  project  success  will  clearly  rsquiie 
Boveaent  of  nutrient-enriched  water  through  those  areas  of  the  site  which 
contain  the  highest  concentrations  of  contasination.  Sites  which  contain  a 
few  point  sources  of  contaaination,  whether  a  lagoon  or  a  leaking  tank,  can 
generally  be  treated  fairly  reliably  with  an  in  situ  treatsent  sethod. 
However,  at  sites  which  contain  sultiple  and  undefined  sources  of 
contaaination  treataent  aethods  becoae  auch  aore  difficult  to  design  and 
operate  in  e  predictable  faehion.  The  probability  of  successftil  reaediation 
is  daflnitely  influenced  by  onee  understanding  of  the  sources  end  transport 
aechanisBS  for  the  contaainants. 

hYDROGEOLOT.y 

In  order  to  transport  nutrients  through  ths  arsas  of  contaaination,  it  will 
be  necessary  to  have  a  detailed  understanding  of  the  hydrogeology  of  a  sits. 
The  rate  liaiting  step  for  in  situ  processes  is  typically  tha  ability  to  aove 
nutrient-enriched  water  through  the  arees  of  highest  contaaination.  Since 
both  the  Bolli^  and  tha  contasinant  distribution  at  a  sita  are  typically  non- 
huaogeneous,  tha  initial  determination  of  feasibility  and  cost  will  usually 
be  lisited  to  an  estimata  of  total  voluae  of  degradable  satarial  in  the  area 
of  coticem  end  the  anticipated  groundwater  injection  end  recovery  rates. 

?eraeebility  and  aquifer  thickness  ers  b.tli  important  aquifer 
characteristics  which  effect  tha  rate  of  groundwater  sovasant  through  the 
treataent  area.  This  rsletes  to  both  the  cross-ssctionel  arse  of  flow  and  to 
the  eaount  of  dra%Klovn  which  can  be  created  in  e  vail.  The  drawdown,  in 
turn,  influences  tha  hydraulic  heed  that  can  be  created  end  the  size  of  tha 
area  of  influence  of  e  well,  which  in  turn  effects  the  nuaber  of  walls  that 
would  be  required  to  ceptvxra  e  centaaineted  pluae.  The  interrelationship  of 
these  characteristics  is  illustrated  in  Table  2,  which  shows  average  puaping 
rates  from  recovery  wells  within  aquifers  of  various  peraeebllities  end 
thickneeaes  (S) . 

Another  characteristic  which  is  isportent  but  often  overlooked  is  ths  depth 
to  the  water  table.  At  sitae  witn  very  shallow  water  tables,  injection  of 
water  into  a  veil  or  trench  can  easily  lead  to  flooding.  Shallow  injection 
pointa  liait  tha  eaotint  of  hydraulic  hoed  which  can  be  applied  to  the 
injection  systea  and  limits  the  arse  of  influence  of  Injection  wells. 
Collectively  these  perasetars  effect  the  rata  of  travel  of  injected  water 
into  e  contaainetad  area,  which  in  turn  effects  tha  required  well  spacings, 
capital  coats  and  treataent  times.  Although  a  detailed  diucuzsion  of  these 
issues  is  beyond  the  scope  of  this  paper,  it  should  be  noted  that  injection 
wells  end  recovery  wells  era  ideally  located  at  a  distance  that  allovs 
injected  water  (and  nutrients)  to  reach  areas  of  contaaination  lass  than  six 
weeks  from  the  tlrs  of  injection  (depending  on  the  cospatibility  of  soils  end 
nutrients).  Even  in  a  fine  send  aquifer  (peraeebility  10'^  cm/sec)  with 
three  feat  of  injection  heed  and  seven  feet  of  drawdown  this  is  only  about  38 
feet.  The  effect  of  these  variables  on  project  feasibility  are  raflsctad  In 
Section  3  of  Table  1. 

SOIL  AND  CltOUKOWATTR  CHEKISTSY 

Microbial  degradation  procesaas  ere  controlled  by  tha  presence  of 
appropriate  bacteria,  tha  suitability  of  tha  environment  for  microbial 
degradation  and  the  general  cheaical  etnetura  of  the  contaminant  of 
interest.  Unfortunately  very  little  inforsetion  about  the  first  two  arses  is 
typically  obtained  during  initial  site  investigations.  However,  aose 
Inforjutlon  can  often  be  obtained  by  exaslning  tha  general  groundwatsr 
poraaetars. 

A  review  of  avallehla  earonia,  chloride,  pbospbata,  disaolved  oxygen, 
conductivity  and  pH  date  can  provide  an  overview  of  tha  aicrobiel 
environment.  Groundwatsr  pR  is  perhaps  tha  sost  basic  cheractaristlc.  Host 
eo/.l  bacteria  prefer  pH  in  the  range  cf  8.5  -  8,  but  ars  likely  to  adept  to 
ranges  slightly  beyond  this  range.  Am  with  most  groundwatsr  charactsristics, 
ccnsistencs  is  -tlmost  as  important  as  "optimum"  lavals. 


Elevated  concentrations  of  aaiaonla  and  chloride,  or  sulfide  can  be  an 
indication  of  septic  or  sanitary  contanination  or  a  highly  anaerobic  rone. 
This  could  indicate  a  large  oxygen  deaand  froa  other  readily  degradable 
aaterials  which  would  significantly  iapact  project  cost  and  tiaing.  There 
are  several  other  site  cheaistry  issues  which  do  not  effect  aicrobial  health, 
but  nay  effect  process  feasibility  by  effecting  nutrient  transport. 

Although  sinple  in  concept,  the  process  of  transporting  an  electron 
acceptor  (typically  hydrogen  peroxide)  through  soils  can  present  challenging 
problems  at  some  sites.  In  "ideal  sitae"  hydrogen  peroxide  can  provide  a 
very  effective  means  of  delivering  IfO  to  250  ppm  of  dissolved  oxygen  in 
injected  water.  It  is  infinitely  soluble  in  water  and  decomposes  in  the 
presence  of  soil  such  that  300  ppm  of  hydrogen  peroxide  produces  about  150 
ppm  of  dissolved  oxygen.  The  main  design  concern  in  using  peroxide  is 
controlling  the  rate  of  this  catalytic  decomposition.  (Hydrogen  peroxide  can 
also  be  used  directly  by  some  bacteria  and  consumed  in  the  oxidation  of  some 
chemicals,  but  these  reactions  are  of  limited  concern.)  In  those  soils  which 
contain  high  concentrations  of  natural  organics,  iron,  niclcel,  and  copper  for 
example,  the  catalytic  decomposition  of  peroxide  can  be  so  rapid  that  the 
groundwater  guic)cly  becomes  supersaturated  with  oxygen.  This  can  creats  gas 
bloclcage  of  the  formation,  loss  of  oxygen  and  poor  general  transport  of  DO  to 
remote  area. of  the  site.  Although  methods  exist  for  conditioning  soils  to 
miniaize  these  effects,  this  phenomenon  can  limit  the  concentration  at  which 
the  peroxide  can  be  used  froa  .'30  ppm,  a  common  concentrations  in  clean 
sands,  to  as  little  as  100  ppm. 

An  alternative  electron  acceptor  which  may  be  usable  is  nitrate.  Recent 
studies  have  demonstrated  that  ?HAs  and  other  organic  compounds  can  be 
degraded  by  denitrifying  bacteria.  Although  this  technique  still  has  a 
limited  history  in  commercial  practice,  it  has  a  significant  potential  at 
sites  where  peroxide  stability  is  poor  and  where  the  hydrogeology  will  allow 
for  good  containment  of  introduced  nitrate. 

Nitrogen  and  phosphorus  are  usually  required  in  small  amounts  to  support 
increased  bacterial  growth,  while  trace  minerals  are  readily  available  in 
soil.  These  requirements  are  usually  satisfied  through  the  periodic  addition 
of  nutrient  formulations  containing  a  blend  of  ammonia  and  phosphate. 

However,  ammonia  and  phosphate  transport  can  be  difficult  at  some  sites,  as 
these  materials  can  be  retarded  and  consumed  while  passing  through  soils. 
Ammonia  can  be  lost  through  ion  exchange  with  other  cations  in  clays  and 
soils  and  phosphate  can  interact  with  cations,  especially  calcium  and 
magnesium.  Although  these  processes  do  not  ma)ca  the  nutrients  unavailable, 
they  do  limit  the  distance  irough  the  formation  where  transport  is  feasible, 
or  effect  the  formulation  o.  nutrients  that  are  most  effective.  In  addition, 
the  general  introduction  of  these  nutrients,  with  associated  ions,  might  lead 
to  dispersion  or  swelling  of  clay  particles. 

For  the  purposes  of  a  feasibility  study,  the  interactions  cf  phosphate  with 
calcium  and  magnesium  (both  of  which  fora  insoluble  precipitates  with 
orthophosphate)  are  probably  the  only  transport  issue  which  can  be  assessed; 
both  inhibit  phosphate  transport  at  high  concentrations.  Heavy  metals,  such 
as  cadmium,  chromium,  arsenic  and  mercury,  are  toxic  to  bacteria  in  certain 
forms  and  concentrations.  The  presence  of  these  materials,  especially  if  it 
extends  beyond  a  localized  area,  should  be  highlighted  as  a  area  of  concern 
when  evaluating  any  aiurobial-baaed  process. 


COST  AND  TIMING 

Although  it  is  not  the  objective  of  this  paper  to  present  a  detailed 
discussion  of  the  cost  of  performing  an  in  situ  bioreclamation  project,  a  few 
basic  principles  deserve  to  be  highlighted. 

For  easily  degraded  contaminants,  the  )clnatics  of  microbial  processes 
are  irrelevant.  The  rata  at  which  sufficient  oxygen  can  be 
transported  through  the  contaminated  zone  should  be  the  basis  of 
projections. 


o 


o 


Th«  anount  of  oxygen  required  for  a  nicrobial  process  is  approximatci y 
three  pounds  of  oxygen  per  pound  of  biodegradable  organic  present 
within  the  t  aataent  area.  This  is  best  estlaatsd  froa  general 
indicator  neasureaents  such  as  Total  Organic  Carbon  or  'Total  Petroleum 
Hydrocarbon,  rather  than  froa  CC-HS  tabulations  which  only  identify 
selective  compounds. 

o  7'^a  rate  cf  oxygen  transport  can  be  estimated  froa  the  rate  at  which 
groundwater  can  b«  injected  into  a  site  (assume  injection  rate  is  70% 
of  withdraw  rate)  and  the  concentration  of  oxygen  or  hydrogen  peroxide 
that  can  ba  effectively  carried  in  the  injected  water. 


CONCLUSION 

Although  it  is  not  possibla  to  anticipate  ell  of  the  results  of  a  full 
treatabllity/faasibility  study  froa  the  liaited  Information  available  in 
typical  aite  assessaent  studies,  it  is  often  possible  to  identify  the 
critical  iasuas  for  tha  design  and  oxacution  of  an  in  situ  bioreaediation 
process.  A  lltarature  raview  of  contaminant  dagradability  and  toxicity,  an 
analysts  of  aquifer  depth,  permeability  and  tha  dapth  to  groundwatar,  and  an 
estimete  of  total  oxygen  demand  can  provide  the  basis  for  an  initial 
assassment.  Review  of  general  groundwater  and  soil  data  will  suggest  other 
areas  of  concern  related  to  toxicity  end  nutrient  transport.  Collectively 
these  data  con  provida  aufflclant  guidance  to  evaluate  tha  feasibility  of 
this  process  relative  to  others  under  consideration  and  to  define  a  suiuble 
feaaibility/design  study. 
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Tabls  1.  Screening  Criteria  for  In  Situ  Bioreclamation 


1.  CONTAMINAKT  CHARACTEiaSTICS  SCORE 

A.  Structure 

Simple  Hydrocarbon  Cl  to  CIS  0 

C12  -  C20  -1 

>C20  —2 

Alcohols,  phenols,  amines  0 

Acids,  esters,  amides  0 

Ethers,  monochlorinijted,  nitro  -1 

Multichlorinated  -2 

Pesticides  -2 

8.  Sources 

Well  defined  point  sources  +1 

Undefined  multiple  sources  -1 


2.  HYDROGEOLOGY 

A.  Aquifer  Permeability  (cm/sec) 

>10"3  0 

10"3  to  10"^  -1 

10“^  to  lO'S  -2 

B.  Aquifer  Thiclcness  (feet) 

20  or  greater  +1 

10  0 

5  -1 

<2  -2 

C.  Depth  to  Aquifer  (feet) 

20  +1 

10  0 

5  -1 

<2  -2 

0.  Homogeneity 

Uniform  well  defined  geology  +1 

Heterogeneous  poorly  defined  -1 

3,  SOIL  AND  GROUNDWATER  CHEMISTRY 

A.  Groundwater  pH 

>10  -2 

8-10  -1 

6.5  -  8  0 

4.5  -  6.5  -1 

<4.5  -2 

B.  Groundwater  Chemistry 

High  Fe,  S,  Ca,  Hg,  Cu,  Hi  -0.5 

High  NH4  and  Cl  -0.5 

Heavy  aetals  (As,  Cd,  Hg)  -0.5 


Interpreting  the  Total  Scor;* 

O  or  Greater  Site  Appaars  Suitable 

-1  to  -2  Possible  krmam  of  Concern 

-2  to  -4  Areas  of  Significant  Concern 

Less  than  -4  Success  in  Unlikely 


Table  2.  Appro>.j.mate  Pumping  Rates  (GPM)  from  Various  Aquifers 


Aquifer  Permeability  Saturated  ThicknP^s 

Material  (cm/sec)  10  Ft  20  Ft  30  Ft 


Fine  Sand 

10"3 

10 

38 

81 

Silty  Sand 

10-4 

3 

5 

10 

Silt,  Loess 

10-6 

0.04 

0.14 

0.28 

These  values  assume  a  constant  pumping  rate  where  r„  ■  0.5  feet  and  S 
(Reference  5)  . 
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I.  BACKGROUND 

Remediation  of  contaminatad  soil  and  ground  water  by  in  situ 
biodegradation  is  a  much-discussed  technique,  and  has  been 
carried  out  or  studied  at  several  sites  with  aeveial  approaches. 
The  technique  of  using  microorganisms  to  metabolize  organic 
contaminants  is  no  longer  a  new  idea:  In  fact,  for  decades  this 
same  process  has  been  used  in  both  municipal  and  industrial  waste 
water  treatment  plants,  as  well  ea  in  millions  of  domestic  septic 
tank/drain  field  systems. 

The  purpose  of  the  joint  cooperative  project  for  which 
Traverse  Group  is  the  engineering  contractor  is  to  provide  e  well 
documented  and  evaluated  site  where  enhanced  biodegradation  of 
soils  and  ground  water  is  accompllshsd  in  situ,  under  realistic, 
controlled  conditions.  This  project,  started  in  1987,  actually 
consists  of  two  full-scale  field  projects  at  a  real  contamination 
site  (U.S.  Coast  Guard  air  base).  One  projsct  involves  aerobic 
metabolism  cf  gaeoline  hydrocarbons  in  the  aquifer.  The  other, 
second  project  involves  the  anaerobic  degradation  of  jet  fuel  in 
soil  and  ground  water.  Both  projects  provide  contaminant 
treatment  that  spans  a  vide  range  of  typical  contamination 
problems  in  the  petroleum  and  chemical  induatrias.  The  projects 
are  funded  by  the  federal  government  and  will  span  a  three-year 
period  ending  in  June,  1990.  The  following  eections  briefly 
describe  the  projects. 

II.  OVERVIEW 

The  biodegradation  project  at  the  U.S.  Coast  Guv^d  Air 
Station  in  East  Bay  Township  in  Northern  Michigan  ie  a  pilot 
»cttl9  demonstration  of  in  situ  enhanced  biodegradation  for 
roffcidiatlon  of  an  aviation  gas  spill.  The  Traverse  Group,  Inc. 
was  chosen  as  th#  englnaering  contractor  for  the  project,  which 
is  a  jointly  funded  research  effort  between  the  U.S.  Coast  Guard 
and  the  U.S.  Environmental  Protactlon  Agency  (EPA) .  The 
alkylbanzenes ,  benzene,  toluene,  ethyl-benzene,  and  xylenes 
(BTEX)  are  the  object  of  the  regulatory  concern,  and  the 
bioreroediation  Will  be  finished  when  their  concentration  is 
brought  to  a  level  specified  by  the  Michigan  Department  of 
Natural  Resources  (MDNR) . 
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Extensive  soil  coring  was  perforned  at  the  site  to  define 
the  vertical  and  lateral  extent  of  the  "trapped"  or  retained  .rone 
of  aviation  gas  conta:nination.  A  special  coring  tool  for 
obtaining  wet  aquifer  soil  samples  intact  was  fabricated  for 
n.SEPA  by  Traverse  Group,  Inc.  engineers.  This  tool  is  highly 
successful.  {The  tool  and  its  associated  field  techniques  have 
been  fomally  adopted  by  USEPA  and  is  now  the  required  method  for 
obtaining  biological  soil  samples  for  determining  biodegrad¬ 
ability  of  various  contaminants  under  the  USEPA  hazaraous  waste 
program.)  Based  on  this  information,  a  50  by  130-foot  study  area 
was  chosen  in  the  most  contam.inatad  portion  of  the  plume.  The 
bulk  of  the  contamination  was  found  to  be  confined  to  a  narrow 
interval  between  15  and  17  feet  below  land  surface.  This 
interval  corresponds  closely  with  the  seasonal  high  and  low  water 
table  at  the  site  (the  "smear  rone"). 

The  aim  of  the  first  field  project  is  to  accelerate  natural 
bacterial  action  by  supplying  needed  nutrients  and  oxygen  in  the 
form  of  hydrogen  peroxide.  In  order  to  impact  the  interval  of 
highest  contamination,  two  rows  of  infection  wells  at  different 
dept.hs  were  placed  at  t.ha  upgradient  edge  of  the  study  area 
(Figure  1).  The  deep  row  of  walls  Is  injected  with  clean  water 
from  a  distant  (off-plume)  supply  well  to  form  a  local  mound,  or 
rise,  in  the  water  table.  The  wells  in  the  shellow  row  are 
placed  so  thct  nutrients  and  peroxide  are  injected  onto  this 
mound  and  are  in  direct  contact  with  the  zona  of  highest 
contamination.  This  Is  a  method  uorkad  out  over  several  months 
by  Traverse  Group  and  USEPA  scientists. 

Monitoring  of  the  study  area  is  accomplished  using  a  aeries 
of  50  mini-well  tubing  sample  points  and  nine  conventional  wells. 
The  tubing  for  each  point  is  routed  to  a  central  location  to 
allow  Indoor  sampling.  The  conventional  wells  are  used  primarily 
for  water  table  elevation  measuremente .  The  hydraulic 
distribution  and  control  system  was  designed  and  constructed  on  a 
nodular  basis  by  Traverse  Group  engineers  and  is  housed  in  a 
small  control  shed  on  the  site. 


ZXX.  OPSAATXON  -  Blodeg  X  (the  Aerobio  Project 

In  .’-'arch  of  1S88,  the  Injection  of  oxygen  was  startad  to 
acclimate  the  system.  Injection  of  nutrients  (ammonium  chloride, 
dlsodiun  phosphate  and  potassium  phosphate)  was  begun  in  May, 
1988  to  Increase  biological  activity.  In  June  of  1988,  oxygen 
injection  was  stopped  and  replaced  wit.h  hydrogen  peroxide 
injection.  The  injection  concentration  began  at  50  mq/L  (Figure 
2)  . 
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IV.  RBSOLTS 


Tha  interval  betwaen  the  injection  wells  and  the  monitoring 
walls  was  considered  re-rediated  whan  detectable  oxygen  broke 
through  and  alkylbenzenes  (BTEX)  disappeared  (compare  Figures  ? 
and  4).  Tha  interval  between  tha  injection  field  and  the 
monitoring  well  located  31  feet  downgradient  was  remediated  after 
220  days  (Julian  L.\te  8281),  and  tha  interval  to  tha  monitoring 
well  ar  50  feet  downgradient  wee  remediated  after  270  days 
(Julian  Data  8331)  . 

Shortly  after  the  breakthrough  of  oxygen  in  monitoring  well 
BD-31-2,  the  area  near  the  monitoring  well  wa*  cored  and  the  wet 
soil  samples  analyzed  for  alkylbentines  (STEX)  and  total  fuel 
hydrocarbons.  Results  were  compared  to  earlier  cores  to 
determine  whether  any  trapped  contaminants  remained  in  tha 
aquifer.  The  aliphatic  (non-aromatic)  hydrocarbons  remained  at 
thair  Initial  concentration,  but  the  al)^lbenzene»  (BTEX)  were 
below  tha  analytical  detection  limit  (see  Table  1) . 


V.  THS  SECOKD  7RCJCCT!  Biodeg  ZI  (Anaerobio  Onaonatretien) 

In  October  of  1988  a  second  project  wae  assigned  to  Traversa 
Group,  Inc.  This  project  will  daaonstrate  the  use  of  a  nitrate 
bated  metabolism  as  opposed  to  the  use  of  oxygen.  The  project 
has  been  designed  and  is  currently  under  construction  by  Traverse 
Group,  Inc.  It  will  start  up  March,  1989. 

VI.  fottruB  vtxna 

The  EPA  considers  the  aerobic  field  project  to  be  a  euccese 
at  this  point.  Engineering  studies  ere  now  under  way  by  Traverse 
Group,  Inc.  to  determine  the  cost  feasibility  of  converting  the 
pilot  scale  project  to  a  full  scale  remediation.  The  aim  is  to 
not  only  remediate  this  site,  but  also  to  develop  enhanced 
biodegradation  as  a  practical  and  cost-feasible  trcatsant 
technology  for  similar  hydrocarbon  contamination  sites.  Traverse 
Croup  also  has  constructed  two  large  model  beds  in  which  full 
scale  tests  of  soil  farming,  vapor  phaae  biodegradation  and  other 
related  bio-restoration  concepts  are  being  developed. 
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ELEVATION  IN  INJECTION 

FEET  ABOVE  MSL  WELLSv 


solved  Oxygen  (mg/iiter) 


Julian  Oate 


Oreak U'rouoh  of  *od  depUtlon  of 

ilkyIbcn;eo«j  (OTX)  In  a  winiaturcf  norUoring 
♦»«M  (DO  31*2)  32  feet  from  '.he  Injection 


Julian  Data 


Oreai through  of  oxygen  ind  dopletion  of  alkylbenzenes 
(UTX)  In  a  miniature  monitoring  wtM  (00  500-2)  50 
feet  from  the  Injection  well*. 


Date 


Oil  and  Fuel  Ethyl. 

Greise  Hydro-  Beniene  Toluene  henzcne  Xylenes 

Core  Number  Carbon 

- - ... - - — mg/kg  wet  Simole-- . 


Background  conditions 

In  an  unweathered  part 

of  the 

spill  area. 

June,  1908 

5006 

1M50 

!.C 

107 

57 

-  213 

5007 

5.220 

l.O 

170 

24 

100 

Preliminary  simpllng  used  to  design  the  blorcmedlallon  project  near 


monitoring  well  OD'31-2,  August  1987. 


50A]  4.310 

5.590 

0,6 

235 

33 

121 

50114  4  , no 

6,500 

0.3 

544 

12 

48 

50013  i.nc 

2,500* 

0.7 

112 

11 

39 

Sampled  after  four  months  of  perfusion  with  mineral 

June,  1938. 

nutrients 

and 

oxygen , 

50T3 

3,330* 

1.4 

1 

7.3 

23 

50H3 

4,000* 

1.5 

1 

13 

41 

Sampled  after  eight  months  of  perfusion  with 
October,  1903. 

mineral 

nutrients 

and 

oxygen 

50AE4 

0.400 

<0.3 

<0.3 

<0.3 

<0.3 

50AC5 

2.370* 

<0.3 

(0.3 

<0.3 

<0.3 

these  cores  Included  some  uncontjmlneled  material. 


OXYGEN  SOURCES  FOR  BIOTECHNOLOGICAL  APPLICATIONS 

Richard  A  Brown.  Groundwater  Technology.  Inc. 
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It  is  well  recognized  that  microorganisms  play  prominent  roles 
in  the  transformation  and  degradation  of  organic  chemicals  in 
virtually  every  major  habitat  except  the  atmosphere.  Microbial 
communities  in  nature  exhibit  a  truly  impressive  biochemical 
versatility  in  the  number  and  kinds  of  synthetic  organic  compounds 
that  they  are  able  to  metabolize  (1,2). 


Virtually  the  only  natural  transformation  of  polluting 
chemicals  that  can  result  in  complete  mineralization  occurs  via 
microbial  metabolism.  However,  there  are  limits  to  the  metabolic 
versatility  of  microorganisms.  Many  xenobiot.c  substrates  are 
transformed  so  slowly  that  they  cause  some  degradation  of 
environmental  quality.  This  resistance  to  biodegradation,  though, 
is  not  a  feature  that  is  strictly  associated  with  exotic  chemical 
compounds.  Decomposition  is  a  function  of  the  a)  structure  of  the 
particular  contaminant,  b)  the  existing  environmental  conditions, 
and  c)  the  physiology  of  the  requisite  microorganisms  (3,4).  Cf 
these,  the  environmental  limitations  are  the  easiest  to  rectify. 
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In  order  to  grow,  microorganisms  need  a  suitable  physical  and  ; 

chemical  environment.  Microorganisms,  like  all  other  forms  of  | 

f 

life,  are  primarily  composed  of  C,  H,  O,  N,  P,  S,  although  a  * 

<■ 

variety  of  other  elements  are  also  found  in  trace  amounts.  These  |‘ 

substances  are  required  to  varying  degrees  in  order  for  | 

microorganisms  to  proliferate;  these  materials  must  already  be  | 

present  or  be  supplied  in  the  proper  form  and  ratios  to  the  t 

requisite  microorganisms.  Extremes  or  temperature,  pH,  salinity,  | 

and  contaminant  concentrations  can  also  markedly  influence  the  I 

rates  of  microbial  growth  and  substrate  utilization.  The  nature  | 

t 

at  the  limiting  environmental  factor(s)  will  often  help  dictate  the  | 

strategy  in  applying  biotechnology  to  hazardous  waste  treatment.  i 

[ 
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In  most  cases  the  organic  pollutants  themselves  are  able  to  i 
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supply  the  carbon  and  energy  required  to  support  heterotrophic 
microbial  growth.  However,  the  introduction  of  carbonaceous 
materials  to  soils  and  groundwater  aquifers  can  cause  an  imbalance 
in  the  natural  biodegradation  processes,  limiting  the  microbial 
transformation  of  the  organic  pollutant.  For  example,  whe.n  labile 
carbon  is  introduced  to  an  aerobic  aquifer,  the  microorganisms 
consume  oxygen  along  with  the  carbon  subs  crate.  An  anaerobic 
aquifer  can  be  expected  whenever  the  rate  of  aerobic  respiration 
exceeds  the  rate  of  oxygen  input  to  the  site.  7.‘o  sustain  aerobic 
microbial  growth,  oxygen,  therefore,  must  be  supplied  to  the 
subsurface  microorganisms. 

The  importance  of  oxygen  supply  to  in-situ  biodegradation  was 
well  documented  recently  in  a  study  of  a  wood  treating  site  in 
Conroe,  Texas  (5) .  A  downgradient  portion  of  the  contaminant  plums 
was  characterized  by  low  levels  of  organic  pollutants  and  dissolved 
oxygen,  while  inorganic  contaminants  (i.e.,  chloride),  which  were 
associated  with  une  organic  wastes,  remained  at  elevated 
concentrations.  The  authors  suggested  that  oxygen  was  consumed 
during  the  aerobic  metabolism  of  the  organic  contaminants  by  the 
indigenous  micro-organisms.  Hydrocarbons  persisted  in  areas  of  the 
plume  where  oxygen  levels  were  insufficient  to  support  aerobic 
biological  activity. 

Artificially  increasing  the  oxygenation  of  subsurface 
environments  will  dramatically  increase  the  growth  of  heterotrophic 
bacteria.  In  a  study  of  petroleum  hydrocarbon  degradation,  sand 
columns  were  used  to  determine  the  effect  of  oxygen  supply  on 
bacterial  growth  and  degradation  of  gasoline. 

Several  columns  were  prepared  under  identical  conditions  using 
50  mb  of  wet  sand  sieved  to  40-60  mesh.  Fifty  milliliters  of 
gasoline  were  added  to  each  column  and  allowed  to  drain  through. 
An  average  of  4.3  mL  of  gas  was  retained.  The  columns  were  then 
washed  with  2  liters  of  nutrients  made  up  in  groundwater. 
Different  levels  of  oxygen  were  supplied  to  the  columns  by  using 


air,  oxygen  cr  hydrogen  peroxide  dissolved  in  groundwater.  The 
columns  were  treated  for  two  weeks.  At  the  completion  of  the 
experiments  the  columns  were  drained,  and  analyzed  for  gasoline 
content,  total  organic  carbon  (TOC),  total  bacteria  and  gasoline 
utilizing  bacteria. 

Bacterial  counts  in  the  interior  of  the  column  showed  a  very 
strong  dependence  on  the  oxygen  level: 

DEPENDEKCS  OF  BACTERIAL  GROWTH  ON  AVAILABLE  OXYGEN 
Bacteria,  Colony  Forming  Units  (CFU)  /  Gram  Dry  Soil 

Available  Oxygen,  Heterotrophic  Bacteria  Gasoline  Utilizing 


Dom  ( Ave . ) 

(X  10“^) 

Bacteria  (x 

8 

.05 

.  0001 

40 

5.5 

.7 

112 

75 

27 

200 

207 

31 

Correlation  w  D.O. 

.  979 

.933 

Ratio  of  counts  @ 

200  ppm  D.O.:  8  ppm  D.O. 

4  X  10^ 

3  X  10^ 

A.s  can  be  seen  from  the  data,  the  bacterial  counts  increased 
dramatically  with  increasing  available  oxygen.  Gasoline  utilizing 
bacterial  are  even  more  sensitive  to  oxygen  levels  than  are  general 
heterotrophic  Bacteria. 


The  biodegradation  of  gasoline  in  the  columns  was  also 
affected  by  the  oxygenation: 


DEPENPEKCE  OF  GASOLINE  DEGRADATION  ON  OXYGFN  LEVEL 


Available 

Gasoline 

Bio- 

Gasoline  Flushed 

Total  Gasoline 

Oxygen 

degraded 

Out 

Removed 

DDin  ( Ave .  ) 

arams 

arams 

%’ 

arams 

%’ 

3 

.388 

12.9 

.71 

23.6 

1.098 

36.6 

40 

,  508 

16.9 

.77 

25.6 

1.278 

42 . 6 

112 

.773 

25.8 

.59 

19.6 

1.363 

45.4 

200 

1.272 

42.4 

.4'» 

16.3 

1.762 

58.7 

Correlation  w 

D.O. 

.994 

-.93 

.974 

Ratio  gas  degraded  @ 

3.27 

.69 

1.60 

200  ppm  D.O.:  8  ppm  D.O. 

’  Based  on  average  of  3.0  g  originally  present. 

Several  things  should  be  noted  from  this  data.  First,  the 
more  oxygen  that  was  supplied,  the  more  gasoline  that  was 
biodegraded.  Second,  the  rate  of  biodegradation  under  highly 
oxygenated  conditions  was  greater  than  the  rate  of  physical 
removal/dissolution. 

These  sand  column  studies  demonstrate  that  bacterial  growth 
and  metabolism  are  very  dependent  on  oxygenation.  As  a  result,  an 
important  part  of  the  biological  treatment  of  hazardous  waste  is 
oxygen  supply. 

There  are  basically  two  methods  of  oxygen  supply  -  physical 
and  chemical.  Physical  supply  involves  forcing  air  and/or  pure 
oxygen  into  the  contaminated  matrix.  Chemical  oxygen  supply 
involves  the  addition  of  substances  which  can  be  converted  to 


oxygen,  such  as  hydrogen  peroxide  (6);  or  substances  which  can  act 
as  cenninal  election  acceptors  directly  such  as  nitrate  (7,8).  All 
of  these  methods  have  been  used  in  treating  contaminated  soils  and 
aquifers. 

The  choice  of  an  oxygenation  method  depends  on  several 
factors.  Basically,  one  wants  to  achieve  maximum  efficiency  in 
oxygenation.  Too  little  oxygen  supply  relative  to  the  amount  of 
contamination  results  in  much  longer  remediation  times.  Too  much 
oxygen  relative  to  the  amount  of  contamination  being  treated  can 
result  in  elevated  remedial  costs.  The  principal  is  to  balance 
oxygen  supply  with  oxygen  demand.  The  factors  that  must  be 
considered  in  achieving  this  demand  are: 

oxygen  mass  tr.''":sfer,  pounds  per  unit  time,  supplied 
by  each  methc 

-  contaminant  load  and  location 
ease  of  transport/utilization 

First,  considering  oxygen  mass  transfer,  it  is  easy  to 
calculate  the  amount  of  oxygen  supplied  by  the  different  methods. 
The  more  oxygen  supplied  per  unit  time,  the  greater  the  potential 
level  of  bioreclamation. 

Air  sparging,  one  of  t.he  simpler  techniques,  provides  oxygen 
by  diffusing  air/oxygen  into  a  well  tore.  This  is  accomplished  by 
using  a  porous  stone,  scintured  metal  or  fitted  glass  diffuser. 
The  water  in  the  well  bora  is  saturated  with  oxygen  and  diffuses 
out  into  the  formation.  The  amount  of  oxygen  supplied  is  a 
function,  therefore,  of  the  rate  of  water  flow  by  the  well  bore. 
This,  in  turn,  is  a  function  of  the  hydraulic  conductivity,  the 
gradient  and  the  surface  area  of  the  formation  affected  by  the  well 
bora.  The  following  matrix  calculates  the  pounds  of  oxygen  per 
day  an  air  sparger  provides  per  well  for  different  hydraulic 


cc5nductivities  and  gradients.  The  table  assumes  a  30  foot 
saturated  thickness  and  that  the  lateral  influence  of  the  wall  ir 
3  ft . 

poryps  PER  DAY  OXYGEN  SUPPLIED 
SY  SPARGING.  SIITCLS  VSDL 

Hydraulic  Gradient 
ft/ ft 
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Hydraulic  Conductiv 
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As  can  be  seen  air  sparging  is  a  limited  source  of  o>rygen. 
Sparging  pure  ojcygen  instead  of  air  will  increase  the  pounds  per 
day  by  a  factor  of  five  so  that  the  maxinun  on  the  matrix  would  be 
30  lbs.  oxygen  per  day  instead  of  5. 

A  second  system  is  to  p\ia.p  air/oxygen  saturated  water  into  a 
contaminated  aquifer.  The  pounds  per  day  of  oxygen  supplied  is  a 
function  of  injection  rate. 

POI7KD3  PgR  DAY  orfGSN  gUPPLIED 
BY  .MRATi:D/CXYGEyATSP  WATER  INFECTION 
SiyGLB  ySLL 


aerated  water 

Inicction  Pate,  otn  IQ  com  D.Q. 


oxygenated  water 
_ 59,-CPa . _ 


l 

10 

100 


.12 

1.2 

12.0 


.  60 
6.0 
60.0 


Air  ventir.g  systens  are  an  efficient  neans  of  supplying  oxygen 
through  unsaturated  contaainated  soils.  This  technique  is  used  'n 
treating  vadose  zone  contanination  or  in  treating  excavftad  soil 
piles.  Air  can  be  added  by  either  injection  or  by  withdrawal.  In 
vadose  zone  treataent,  t.he  cotnon  nethod  is  vacuum  withdrawal. 
This  aethod  has  the  added  adva.ntage  of  physically  removing  volatile 
contaminants  in  addition  to  supplying  oxygen.  The  amount  of  oxygen 
supplied  is  a  simple  function  of  the  air  flow  rates.  The  following 
table  uses  a  20%  oxy-gen  content  for  air  to  calculate  air  supply: 

PCtTVDS  P5K  DAY.ggjfGZy  _6OPPtIE0 
BY  VTKT  SYSTEM  .(TNSATTOATgP  SOILS) 

SiydLS  ffSLL 


air  flow  rate 
_ _ - 

1 

5 

10 

20 

50 

100 


oxygen  supply 
_ lbs  /  Day 

20.3 

116.6 

233.3 

466.6 

1,166.4 

2,332.8 


Finally,  there  are  two  chemical  carrier  systems  -  Hydrogen 
peroxide  and  nitzate.  While  both  of  these  materials  are  highly 
soluble,  their  common  use  rate  is  about  1000  ppm  (.1%).  The  number 
of  oxygen  equivalents  supplied  is  dependent  on  the  chemistry 
involved.  Hydrogen  peroxide  is  converted  through  decomposition  to 
oxygen : 

H^Oj - HjO  +  1/2  Oj 

Each  part  of  hydrogen  paroxida  supplies  .47  parts  of  oxygen. 
Nitrate  is,  on  the  other  hand,  directly  utilized  as  a  terminal 
election  acceptor.  Its  oxygen  equivalents  can  be  calculated  by 
comparing  the  amount  of  nitrate  reqiairoa  to  oxidize  a  substrate 
versus  the  amount  of  oxygen.  Take,  foi  example,  the  oxidation  of 
Methanol : 


Oxygen; 

Nitrate: 


CHjCH  3/2  Oj - COj  +  OHjO 

NOj"  +  l.OSCHjOH  +  H* - .O65C5H7NO2  +  .47N2  + 

.76CO2  +  2.44H2O 

Based  on  these  above  equations,  one  part  of  nitrate  is  equivalent 
to  .84  parts  of  oxygen. 

The  oxygen  equivalents  supplied  by  these  two  chemical  carriers 
is  a  simple  function  of  injection  rate. 


1.0  5.6  10.0 

5.0  28.0  50.0 

10.0  56.0  100.0 

20.0  112.0  200.0 

50.0  280.0  500.0 

The  second  factor  in  considering  an  oxygen  source  is  the 
contaminant  load  and  location.  Contaminant  location  is  important 
in  that  vent  systems  require  unsaturated  environments  and  will, 
therefore,  be  excluded  in  treating  contaminants  below  the  water 
table.  Contaminant  load,  on  the  ocher  hand,  impacts  all  means  of 
oxygen  supply,  in  that  it  determines  oxygen  demand.  What  drives 
contaminant  load  is  the  phase  distribution. 

Petroleum  hydrocarbons  exist  in  the  subsurface  as  three 
condensed  phases:  mobile  free  product  (phase  separated) , 

residually  saturated  soil  (adsorbed  phase) ,  and  contaminated  ground 
water  (dissolved  phase) .  The  distribution  of  hydrocarbons  into 
these  different  phases,  while  a  result  of  dynamic  transport,  is 
ultimately  a  function  of  their  physical  and  chemical  properties, 
and  the  hydrogeological  and  geochemical  characteristics  of  the 


formation.  One  nust  examine  the  phase  distribution  by  two  means: 
the  areal  extent  of  contamination  or  the  volume  of  the  subsurface 
impacted  by  a  phase  and  the  severity  of  contamination  or  the  amount 
of  the  contaminant  within  a  phase,  measured  as  either  total  weight 
or  concentration.  The  following  table  gives  the  phase  distribution 
for  a  gasoline  spill  in  sand  and  gravel: 


riUise 

Volume , 
cu.  .Yd, 

%  Of 

Tot3x 

Cone . 

-DEL. 

%  of 

Ts.£,al. 

Free  phase' 

780 

5.3 

126, 800’ 

90.9 

Adsorbed  fsoil) 

2 , 670 

13.3 

11,500 

2 , 000 

8.2 

Dissolved  (water) 

11, 120 

76.3 

390 

15 

0 . 3 

Actual  value  recovered  from  site 

There  are  several  generalizations  that  can  be  made  from  the 
above  data  concerning  the  distribution  of  petroleum  hydrocarbons 
between  the  different  phases.  First,  groundwater  flow  is  the 
primary  long  term  mechanism  for  spread  of  the  contamination  once 
the -free  product  layer  has  achieved  flow  equilibrium.  Thus,  the 
areal  extent  of  groundwater  contamination  is  typically  greater  than 
t)iat  for  ot.her  phases.  However,  the  amount  of  material  in  the 
groundwater  is  small  compared  to  that  retained  in  the  soil  matrix, 
less  than  51,  The  residually  saturated  soil,  if  untreated,  is  a 
continuing  source  of  groundwater  contamination. 

In  looking  at  the  contaminant  load,  the  presence  of  and  the 
distribution  between  the  different  phases  is  an  important  factor. 
The  following  table  gives  the  pounds  per  cubic  yard  of  aquifer  for 
dissolved  and  adsorbed  phase  contamination.  The  calculation 
assumes  a  porosity  of  30%  and  a  dry  soil  bulk  density  of 
2700lb/yd\  The  soil  levels  are  generally  two  orders  of  magnitude 
higher  than  dissolved  levels. 


COMPARISON  OF  CONT.^MINAKT  LORDING 
DISSOLVED  AND  ADSORBED  PHASE 


l_vL 

Vd^  cr  AODIFER  MATERIAL 

Dissolved 

Adsorbed  Phase 

Phase  @ 

#/yd^ 

Phase  § 

#/yd^ 

1  ppm 

5X10'* 

5x10'^ 

100  ppm 

.27 

10  ppm 

1,000  pp.m 

2.1 

100  ppm 

5X10'^ 

10,000  ppm 

21. 0 

Froa  this  data  it  is  obvious  that  contaminated  soil  drives  the 
contaminant  load.  The  acre  the  voluae  of  contaminated  soil  and  the 
higher  the  level  of  contamination,  the  greater  the  contaminant 
load.  One  cubic  yard  cf  soil  contaminated  at  only  100  ppm  contains 
as  much  contaminant,  as  5.4  yd^  of  contaminated  aquifer  material 
(dissolved  phase) . 

The  third  factor  in  considering  an  oxygen  source  is  the  ease 
of  transport  and  utilization.  This  involves  the  means  of 
application,  the  maintenance  of  system,  and  the  rate/degree  of 
utilization. 

An  air  sparger  system  uses  a  small  compressor  able  to  dsliver 
-ICFM  per  well.  The  sparger  itself  is  either  a  porous  stone,  a 
scintured  metal  diffuser,  or  a  fritted  glass  diffuser.  Power 
co.nsumption  is  minimal.  The  transport  of  the  aerated  water  is 
limited  by  the  rata  of  groundwater  flow.  The  most  significant 
operating  coot  is  an  air  sparger  system  is  maintenance  of  the 
compressor  and  of  the  diffuser  and  vail  screen.  Biofouling  or 
inorganic  fouling  of  the  diffuser  and  well  screen  can  be 
significant  and  well  therefore  require  a  high  degree  of 
maintenance.  Bacterial  utilization  of  the  dissolved  oxygen  is  vary 
high. 


Injection  of  aeratad/oxygenataJ  water  is  a  relatively  simple 
system.  The  simplest  approach  is  to  use  an  air  stripper  to  aerate 


the  water.  Often  in  treating  a  contaminated  aquifer,  groundwater 
is  recovered  and  air-stripped  to  achieve  hydraulic  control  of  the 
contamirant  plume.  Reinjection  of  the  stripped  groundwater,  can 
therefore,  be  accomplished  for  relatively  low  cost,  the  main  cost 
of  operation  is  controlling  fouling  of  injection  system.  Transport 
of  the  oxygenated  water  is  dependent  on  the  geology  (hydraulic 
conductivity) .  Bacterial  utilization  of  the  injected  dissolved 
oxygen  is  very  good. 

Wanting  systems,  while  limited  to  unsaturated  soils,  are  very 
efficient  means  of  oxygen  supply.  The  primary  capital  cost  is  the 
vacuum  pump(s)  needed  to  drive  the  system.  Maintenance  of  the 
pumps  is  fairly  simple  and  power  consumption  is  minimal.  The 
efficiency  of  the  ’'ent  system  is  enhanced  by  volatile  removal.  The 
largest  potential  cost  with  a  vent  system  is  treatment  of  tha  vapor 
discharge.  This  can  be  accomplished  by  using  disposable  carbon, 
regenerabla  carbon  or  catalytic  oxidation.  Regenerabla  carbon  and 
catalytic  oxidation  are  .apital  systems. 

A  hydrogen  peroxide  system  is  generally  a  low  capital,  easy 
to  maintain  system.  It  does  entail  a  fairly  high  OiM  cost  due  to 
tha  chemical  cost  of  the  hydrogen  peroxide.  The  cost  of  hydrogen 
peroxide  is  dependent  on  tha  volume  used.  Small  quantities  cost 
more  per  pound  t.han  do  large  quantities.  On  a  per  pound  of  oxygen 
basis,  the  cost  will  range  from  $1.50  to  $2.50.  Tha  biggest  cost 
factor  involved  with  hydrogen  peroxide  is  how  quickly  it 
decomposes.  Thera  are  two  mechanisms  of  decomposition  -  Biological 
end  metal  catalysis.  Ideally,  one  would  like  minimal  metal 
catalyzed  decomposition.  In  some  soils,  however,  that  contain  high 
levels  of  Iron  or  manganese,  metal  catalyzed  decomposition  can  be 
severe.  In  such  cases  tha  solubility  of  oxygen  is  rapidly  exceeded 
and  the  water  phase  degassed,  loosing  available  oxygen  and 
drastically  reducing  tha  afficiancy  of  tha  system. 

Finally,  nitrate  systems  are  a  potential  electron  acceptor 
alternative.  Operationally,  these  systems  have  not  been  proven. 


Capital  costs  for  a  nitrate  system  would  be  fairly  low  consisting, 
as  with  peroxide,  of  a  supply  tank  and  metering  pump.  Chemical 
costs  for  nitrate  are  $  60  -  .70  /  lb  oxygen  equivalent.  The  issue 
with  nitrate,  however,  is  not  the  cost  or  ease  of  addition,  but 
instead  the  biochemistry  of  utilization  and  the  regulatory  issues. 
In  a  recenc  test  of  nitrate  utilization,  it  was  found  that  even 
with  an  extremely  labile  substrate  such  as  sucrose,  there  was  a 
significant  lag  phase  in  the  utilization  of  the  nitrate  when  oxygen 
was  also  available  at  low  levels.  It  would  appear  that  nitrate 
ucilization  requires  low  oxygen  conditions.  If  the  biochemistry 
of  nitrate  is  complicated,  the  regulatory  issues  become 
significant.  Nitrate  levels  in  ground  water  are  regulated  at  10 
npm.  If  nitrate  is  not  rapidly  utilized,  injection  would  have  to 
be  tichtiy  controlled  and  may  be  precluded. 

To  put  the  above  costs  and  analyses  into  perspective,  one  can 
compare  the  operation  of  the  different  systems  for  a  sample 
gasoMne  problem.  The  site  characteristics  are  as  follows: 

Area  of  contamination 

soil  -  ICO  X  50  c  5ft  (3ft  above;  2ft  below  water) 
groundwater  250  x  70  x  5ft 

Contaminant  concentrations 

soil  -  1200  ppm 
groundwater  -  18  ppm 

Aquifer  characteristics 

hydraulic  conductivity 
hydraulic  gradient 
pumping  rate/well 
saturated  thickness 
DTW 

Contaminant  distribution 

2500  lb. (1500  lb  above/1000  lb  below 
30.0  lb. 

2530  lb. 


5  X  10^  bal/day/ft^ 
.08  ft/ft 
3  5  gpm 
25  ft. 

15  ft. 


soil 

GW 

Total 


The  configuration  of  the  systems  would  vary.  The  basic  lay¬ 
outs  would  be  as  follows: 


Air  Sparaina;  Sparging  would  be  through  15  wells  spaced 
through-out  the  plume.  There  would  be  no  recovery  wells. 
Water  Inspection:  The  system  would  consist  of  2  recovery 
wells  pumped  at  35  gpm  eac.h.  Each  well  would  have  a  25  ft. 
cross-gradient  capture  radius.  The  "^0  gpm  water  would  be 
air  stripped  through  a  2  ft.  x  18  ft.  air  stripper  and 
reinjected  through  two  upgradient  galleries. 

Vent  System:  Venting  would  be  through  4  wells  placed  on  40 
ft.  centers.  Each  well  would  be  pumped  at  40-45  CFM.  The 
system  would  require  a  single  2  H.P.  high  vacuum  blower. 
Vapor  discharge  >ould  be  treated  through  a  catalytic 
oxidizer. 

Peroxide  System:  Hydraulic  control  is  maintained  by  2 
down  gradient  recovery  walls  each  operated  at  35  gpm. 

Of  the  70  gpm  recovered,  35  gpm  would  bo  reinjected 
through  a  gallery  and  2  upgradient  injection  wells. 

Peroxide  would  be  added  at  1000  ppm.  Excess  water 
would  be  air  stripped  and  sewered. 

Nitrate  System:  Because  of  the  concern  with  off  site 
migration  of  nitrate,  thera  would  be  4  downgradient 
recovery  wells.  Two  of  the  wells,  on  the  leading  edge  of 
the  plume,  would  be  operated  at  35  gpm  each.  This  water 
would  be  amended  with  nitrate  (1000  ppm)  and  reinjected 
through  4  upgradient  wells  and  an  injection  gallery.  The 
two  additional  recovery  wells  would  be  placed  50  ft. 
downgradient  of  the  plume  to  create  a  barrier  to  migration 
of  nitrate.  They  would  be  operated  at  30-40-  gpm. 


Using  this  data,  tha  capital  and  operating  coats  for  each 
system  can  be  calculated.  The  following  table  gives  a  comparison 
of  the  different  systems. 
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As  can  be  seen,  there  is  a  wide  variance  in  both  cost 
effectiveness  and  in  treatment  effectiveness.  In  terms  of  cost 
performance,  the  order  is: 

Venting  >  >  peroxide  >  nitrate  >  air  sparger  >  water  injection 
In  order  of  treatment  effectiveness  the  order  is: 

Peroxide  ■  nitrate  >  water  injection  >  venting  >  air  sparging 

While  venting  is  a  very  cost  effective  method  it  is  limited  to 
treating  the  vadose  zone.  Ccnseguently ,  it's  treatment 
effectiveness  is  limited. 

This  above  analysis  is  given  for  a  situation  with  extensive 
contamination.  If  the  degree  of  contaminants  is  changed  so  that 
the  soil  contamination  is  minimal,  the  analyses  would  change. 
Assuming  that  there  is  no  soil  contamination  above  the  water  table 
and  that  the  soil  levels  are  <1C0  ppm,  the  performance  of  the 
different  systems  would  be  as  follows,  all  other  factors  remaining 
constant: 


COST/PERTORKXKCZ,  LOW  DZGRZB  OF  CONTAMINATION 


System 

lb$/day  Time 

of  Treatment 

$  lb  oxygen 

0, 

davs 

used 

Air  sparging 

6 

180 

43.55 

Water  Injection 

3 

330 

85.55 

Venting 

Not  Applicable 

Peroxide 

190 

180 

38.39 

Nitrate 

211 

240 

47.39 

When  the  degree 

of  contamination  is 

less,  simpler 

systems  such  as 

air  sparging  becoms  mors  cost  effective.  When  the  contamination 
is  only  the  dissolved  phase,  an  air  sparger  system  is  the  best 
choice.  The  following  table  summarizes  the  bast  choices  for 


different  contamination  situations. 
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The  choice  of  an  oxygen  supply  is  dependent  on  the  contaminant 
load,  the  mass  transfer  and  the  ease  of  tran^port/utilization. 
Depending  on  what  the  degree  of  contamination  is,  different  systems 
will  be  most  effective. 
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1.0  ABSTRACT 

"INVESTIGATION  OF  THE  TRANSPORT  AND  FATE 
OF  GASOLINE  HYDROCARBON  POLLUTANTS  IN  GROUNDWATER " 

A  24-raonth  study  was  conducted  to  delineate  chenical  and  micro¬ 
biological  factors  controlling  the  transport  and  fate  of  gasoline 
hydrocarbon  pollutants  in  groundwater.  Groundwater  and  aquifer 
solids  for  analysis  were  obtained  from  a  shallow,  semi-perched 
zone  consisting  pticiarily  of  silty/sandy  alluvial  deposits  which 
had  been  contaminated  with  approximately  20,000-30,000  liters  of 
regular,  unleaded  gasoline  from  a  leaking  underground  storage  fa¬ 
cility.  The  extent  of  the  contamination  plume  had  been  described 
in  a  previous  O.S.  Geological  Survey  investigation  of  the  site 
(Sohroeder,  1985),  was  located  adjacent  to  an  intertidal  marsh 
and  wildlife  refuge  on  the  P.S.  Naval  Weapons  Station  property  in 
Seal  Beach,  California. 

The  results  of  gas  chromatographic  analyses  of  specific  gasoline 
hydrocarbons  in  groundwater  samples  from  the  site  confirmed  the 
extent  of  gasoline  migration  and  also  revealed  an  enrichment  of 
naphthalene  and  p/m-xylene  near  the  periphery  of  the  contamina¬ 
tion  plume.  The  latter  observation  suggests  either  greater 
transport  velocity  and/or  reduced  biodegradability  for  the  en¬ 
riched  components. 

Approximately  300  gasoline-degrading  bacteria  recovered  from  the 
Seal  Beach  study  site  were  sorted  into  111  distinct  subpopula¬ 
tions  (nutritional  groups)  based  upon  their  aerobic  growth  pat- 


terns  on  a  battery  of  15  specific  hydrocarbons  which  represented 
the  major  chemical  groups  in  unleaded  gasoline.  Each  of  the  15 
test  hydrocarbons  was  found  to  support  the  growth  of  at  least  one 
bacterial  isolate  from  the  site,  suggesting  that  all  of  the  pri¬ 
mary  constituents  of  gasoline  could  be  biodegraded  under  appro¬ 
priate  conditions.  The  marked  heterogeniety  of  the  gasoline¬ 
degrading  microbial  community  at  the  Seal  Beach  site  was  further 
demonstrated  by  an  independent  technique  involving  computer-pro¬ 
grammed  analysis  of  whole-cell  protein  banding  patterns  as 
detected  by  high-resolution,  sodium-dodecylsulf ate  polyacryla- 
mide-gel  electrophoresis.  Using  this  technique,  287  isolates 
capable  of  gasoline  degradation  were  sorted  into  59  distinct 
bacterial  subpopulatior.s .  Bacterial  isolates  capable  of  biode¬ 
grading  the  linear,  branched,  and  cyclic  alkanes  comprised  a  di¬ 
vergent  subpopulation  which  exhibited  protein  banding  patterns 
generally  dissimilar  from  those  isolates  which  could  metabolize 
only  the  aromatic  compounds. 

The  results  of  microbial  enumeration  studies  indicated  t.hat  the 
number  of  aerobic,  gasoline-degrading  bacteria  detected  in 
groundwater  samples  typically  varied  from  about  one  colony- 
forming-unit  (CFU)  per  milliliter  to  several  hundred  CFUs  per 
milliliter,  which  was  consistently  several  orders  of  magnitude 
lower  than  the  total  heterotrophic  plate  count.  The  number  of 
gasoline-degrading  bacteria  throughout  the  site  tended  to  vary 
inversely  as  the  concentration  of  hydrocarbon  (toluene),  probably 
as  a  result  of  specific  hydrocarbon-induced  injury  and/or  tox- 
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icity.  Consistent  with  this  hypothesis  was  a  gradual  temporal 
decline  in  the  number  of  gasoline-degrading  bacteria  in  the  most 
contaminated  well  near  the  center  of  the  plume.  Prolonged  expo¬ 
sure  of  one  gajioline-degrading  microbe  from  this  well  to  gasoline 
vapors  was  associated  with  physiological  injury  and  accelerated 
cell  death,  as  well  as  a  measurable  increase  in  the  frequency  of 
spontaneous  segregation  of  mutant  strains  which  had  irreversibly 
lost  their  ability  to  grow  on  gasoline  as  a  sole  carbon  source. 
The  results  of  mineral  deprivation  studies  suggested  that  metabo¬ 
lism  of  one  or  more  specific  gasoline  hydrocarbons  was  evidently 
required  for  the  full  microbicidal  activity  of  gasoline  to  be 
manifested,  suggesting  the  formation  of  a  toxic  metabolite. 

Hydrocarbon  mineralization  activity  by  the  native  microbial  flora 
in  groundwater  samples  was  determined  by  (1)  quantifying  the 
amount  of  radioactive  can  dioxide  released  metabolically  from 
^^C-carbon-labeled  hexadecane,  (2)  computer-programmed  non- 
dispersive  infrared  analysis  of  unlabled  carbon  dioxide  released 
from  gasoline  or  individual  gasoline  hydrocarbons,  or  (3)  direct 
quantification  of  a  specific  hydrocarbon  substrate  by  gas  chroma¬ 
tographic  analysis. 

Despite  the  relatively  low  number-  of  gasoline-degrading  bacteria 
in  most  aquifer  samples,  mineralization  of  gasoline  hydrocarbons 
by  native  microbial  consortia,  as  well  as  by  individual  bacterial 
isolates,  proceeded  rapidly  under  oxygenated  conditions  in  the 
presence  of  appropriate  trace  mineral  supplementation.  Bictrans- 
formation  and/or  complete  mineralization  of  selected  aromatic 
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gasoline  constituents  (e.g.,  toluene  and  p-xylene)  was  also  dem¬ 
onstrated  under  anaerobic  (denitrifying  cr  methanogenic )  con¬ 
ditions.  The  rate  of  hydrocarbon  mineralization  was  a  function 
of  trace  nutrient  availability  and  concentration,  soil  type  and 
condition,  as  well  as  the  type  and  initial  concentration  of  hy¬ 
drocarbon-utilizing  bacteria.  The  rate  of  gasoline  biodegrada¬ 
tion  in  aerated,  f luidized-bed  soil  microcosms  could  be  signifi¬ 
cantly  accelerated  by  increasing  the  size  of  the  initial  cell 
inoculum  or  by  the  introduction  of  hydrogen  peroxide.  It  i.s  con¬ 
cluded  that  in-3itu  mineralization  of  gasoline  hydrocarbons  can 
occur  rapidly  under  aerobic  conditions,  or  more  slowly  under  de¬ 
nitrifying  or  methanogenic  conditions  using  appropriate  nutrient 
supplementation. 


O 

o 

o 

o 

o 

o 


4 


?R£SENTATION  BY  DR.  SUSAN  LANDON- ARNOLD 


STRATEGY  FOR  ASSESSING  THE  ABILITY  OF  NATIVE  BACTERIA  TO 

BIODEGRADE  JP-5 . 


S.  Landon-Arnold,  Ph.D. 

Northern  State  University 

The  contamination  of  ground  water  is  an  ever  increasing 
problem.  Approximately  95%  of  the  U.S.  freshwater  supply  is  con¬ 
tained  in  subsurface  environments  (20).  Society’s  increasing 
reliance  on  ground  water  for  domestic  agricultural  and  industrial 
usages  has  made  quality  ground  water  one  of  the  primary  environ¬ 
mental  concerns  of  the  1980*s  (27). 

Historically,  due  to  their  widespread  and  large  scale  uses, 
petroleum  fuels  have  generally  been  viewed  as  environmentally  ac¬ 
ceptable.  However,  in  recent  years  there  has  been  an  increased 
interest  in  a  more  careful  examination  of  the  environmental  im¬ 
plications  of  petroleum  products  and  uses  (27).  Petroleum  fuels 
are  complex  mixtures  of  aliphatic  and  aromatic  hydrocarbons.  The 
major  components  of  refined  petroleum  fuels  are  paraffins, 
olefins,  naphthenes,  aromatics  and  alcohols  (19).  Product 
specifications  for  aviation  fuels  address  only  gross  properties, 
such  as  density,  thermal  stability,  and  maximum  percent  aromatic; 
therefore,  considerable  variability  can  exist  in  the  component 
composition  of  fuels  from  different  sources.  (27).  Specific  data 
on  the  composition  of  JP-5,  the  primary  jet  fuel  of  the  U.S. 
Navy,  are  not  available:  however  the  jet  fuel  used  by  the  U.S. 
Air  Force,  JP-4  contains  over  300  different  hydrocarbons  (6), 

Underground  storage  tanks  (USTs)  are  major  sources  of  subsur¬ 
face  contamination  (27).  It  has  been  estimated  that  as  many  as 
100,000  buried  gasoline  tanks  in  the  United  States  were  leaking 
as  of  1985  (7),  and  as  many  as  350,000  USTs  will  leak  by  the  end 
of  this  decade  (26).  It  is  important,  thon,  to  clean  up  this 
contamination.  Clean-up  of  subsurface  contamination  can  be  ex¬ 
tremely  difficult  due  to  the  inaccessibility  of  the  sites.  Con¬ 
ventional  reclamation  techniques,  such  as  incineration,  chemical 
oxidation,  air-stripping,  or  impoundment  are  expensive,  and  often 
are  not  completely  effective.  Due  to  the  large  number  of  con¬ 
taminated  sites,  there  exists  a  need  for  less  expensive  reclama¬ 
tion  technologies.  Bioreclamation  offers  great  promise  as  a 
cost-effective  reclamation  strategy.  Although  the  actual  cost  of 
restoration  will  be  site  specific,  biological  treatment  costs  ap¬ 
proximately  one  order  of  magnitude  loss  than  conventional  res¬ 
toration  technologies  (31).  Bioremediation  as  a  possible  means 
of  decontamination,  is  often  dependent  on  the  biota  naturally 
selected  for  by  each  contaminant  at  a  spill  site  which  may  be 
very  specific.  In  situ  bioreclamation  uses  indigenous,  subsur¬ 
face  microbial  communities  to  metabolize  organic  contaminants 
into  carbon  dioxide  and  water.  The  feasibility  of  in  situ 
bioreclamation  depends  upon  numerous  factors  including  the 
presence  of  a  microbial  community  with  the  requisite  enzymes  for 
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contaminant  metabolism,  and  the  availability  of  essential 
nutrients  and  electron  acceptors  (27).  It  would  be  advantageous 
to  have  a  workable  strategy  for  assessing  the  ability  of 
naturally  enriched,  native  bacteria  to  degrade  contaminating 
hydrocarbons  such  as  JP-5. 

Subsurface  ground  waters  act  as  reservoirs  of  ground  water 
(20).  Soil  will  function  as  a  trickling  filter  to  purify  sur¬ 
face  water  as  it  trickles  down  to  ground  water  reservoirs  (18). 
The  relative  number  of  studies  of  subsurface  organisms  are  few 
when  compared  to  studies  dealing  with  surface  soil  organisms. 
The  function  of  surface  soil  mi croorgani sms  and  biodegradation  is 
widely  documented  (3).  In  subsurface  soil,  however,  evidence  is 
just  now  being  presented  on  the  role  of  microorganisms  and  en¬ 
vironmental  pollutants  (13,  15). 

The  presence  of  diverse  and  abundant  subsurface  microbial 
populations  has  been  established  (17,  30).  It  has  been  shown  in 
laboratory  studies  that  subsurface  microbial  communities  are 
responsible  fcr  the  biodegradation  of  a  wide  range  of  environmen¬ 
tally  important  compounds  (1,  27).  Ghiorse  &  Balkwill,  (18) 
characterized  indigenous  microorganisms  of  ground  water-bearing 
subsurface  environments  with  respect  to  their  identity,  abun¬ 
dance,  and  metabolic  activities.  However,  traditional  cultural 
techniques  are  not  optimal  because  organisms  selected  for  by  con¬ 
ventional  lab  techniques  may  not  represent  relative  proportions 
of  indigenous  microorganisms.  It  has  been  documented  that  tradi¬ 
tional  cultural  techniques  detect  only  l-lOl  of  organisms  in  soil 
(2).  It  is  known  that  heterotrophic  microorganisms  can  metabo¬ 
lize  most  petroleum  hydrocarbons  to  carbon  dioxide,  water,  and 
other  harmless  compounds  (24).  Hydrocarbon  utilizing  bacteria 
have  been  found  in  oil-  and  gas-bearing  deposits  (13).  Ghiorse  & 
Balkwill,  (18)  presented  a  nutritionally  rich  growth  medium  that 
was  relatively  successful  in  increasing  the  percent  recovery  of 
organisms  from  the  soil.  This  optimization  of  recovery  is  in¬ 
tegral  in  a  strategy  for  isolating  native  bacteria 

Biorestoration  efforts  may  be  based  on  aerobic  or  anaerobic 
mechanisms  of  biodegradation.  During  aerobic  biodegradation,  the 
carbon  source  is  broken  down  by  a  series  of  enzyme-mediated  reac¬ 
tions  in  which  oxygen  serves  as  the  final  electron  acceptor. 
When  oxygen  is  not  available,  simple  organic  compounds  or  inor¬ 
ganic  anions  like  nitrate,  sulfate  or  carbonate  can  serve  as  tl- 
ternate  electron  acceptors.  In  the  latter  cases,  the  biodegrada¬ 
tion  is  linked  to  denitrification,  sulfate-reduction  and 
methanogenesis ,  respectively  (23).  Aerobic  biodegradation  of 
petroleum  hydrocarbons  is  much  raoi o  rapid  than  anaerobic 
biodegradation,  and  thus  is  preferred  for  bioremediation  (27). 
Regardless  of  the  electron  acceptor  and  strategy  employed  in  the 
restoration  effort,  the  electron  acceptors  should  bo  consumed  at 
a  greater  rate  in  treated  areas  than  in  unimpacted  areas  receiv¬ 
ing  only  a  control  treatment. 
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STRATEGY  PLAN 


Sincp  biodegradation  is  more  effective.  complete  and  cost  ef¬ 
fective,  how  then  can  appropriate  organisms  be  found  and 
enhanced.  In  a  strategy  of  assessing  the  ability  of  indigenous 
bacteria  to  degrade  a  contaminant  (Figure  1),  such  as  JP-5 ,  the 
first  objective  is  to  identify  microorganisms  capable  of  this 
degradation  .  The  first  step  is  laboratory,  in  vitro  analysis. 
This  is  accomplished  by  acquiring  a  fresh  sample  of  JP-5  con¬ 
taminated  soil  and  determining  the  indigenous  population  and 
their  ability  to  utilize  the  contaminating  substrate.  Since  in¬ 
digenous  orga.nisms  have  been  exposed  to  the  contaminant,  the 
process  of  "adaptation"  or  "acclimation"  may  have  occurred.  This 
response  is  a  uniquely  biological  one  and  refers  to  the  ac¬ 
celerated  utilization  of  a  substrate  by  microorganisms  due  to  a 
change  in  the  levels  of  requisite  enzymes  of  the  numbers  of 
degrading  microorganisms.  While  other  reasons  are  also  possible 
for  adaptation  phenomena,  these  two  are  likely  to  be  the  most 
frequently  encountered  mechanisms  (25). 

Enumeration  of  organisms:  It  is  advantageous  to  get  a  handle  on 
the  number  or  organisms/gram  of  contaminated  soil.  It  is  known 
that  microbial  numbers  will  change  during  storage  of  the  soil 
sample  (17),  Therefor,  it  is  most  effective  to  use  direct  obser¬ 
vation  immediately  upon  collection  or  the  Aufwuchs  method  (10)  in 
which  a  slide  is  suspended  in  the  material  with  time,  then 
stained  and  examined.  With  r aspect  to  direct  observations: 
epi f 1 uorescence  (28)  using  acridine  orange  has  proven  very  effec¬ 
tive.  In  this  technique,  the  organisms  fluoresce  green  indicat¬ 
ing  the  presence  of  double  stranded  DNA  (11).  As  previously 
stated,  enumeration  of  viable  organisms  via  the  isolation  of 
colony  forming  units  (cfu)  will  not  give  accurate  assessment  of 
the  relative  numbers  of  organisms  in  the  soil.  However,  it  may 
allow  the  isolation  of  individual,  degrading  populations  and  thus 
may  prove  worthwhile.  It  is  possible  that  indirect  counts  may  be 
more  sensitive,  such  as  the  measure  of  muramic  acid,  a  specific 
bacterial  cell  wall  component  (13). 

Growth  and  component  utilization:  How  do  you  know  the  organisms 
are  utilizing  the  components.  Once  the  organisms  are  isolated 
from  the  soil,  and  tha  soil  has  been  determined  to  bo  colonized, 
then  alterations  to  the  environment  can  be  examined.  This  should 
be  done'in  vitro,  as  in  a  chemostat  and  then  with  soil  columns. 
The  chemostat  is  a  moans  of  continuous  culture  that  corresponds 
much  better  than  batch  (12).  A  fresh  supply  cf  nutrients  is 
added  while  medium  is  simultaneously  withdrawn  from  the  culture; 
thus  culture  volume  is  constant  (16).  The  continuous  culture 
techniques  are  important  in  the  study  of  mixed  cultures.  The 
continuous  flow  system  allows  the  mixed  culture  to  reach  a  steady 
state  condition  or  else  stay  within  a  narrow  range  of  fluctuation 
with  regard  to  growth  rata  and  cell  age  due  to  wash  out  (9).  The 
chemostat  offers  the  advantage  of  acquiring  high  population  den- 
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sities  at  low  substrate  concentration.  This  then,  would  mimic 
the  natural  environment  (29).  The  chemostat  has  been  especially 
useful  in  enrichment  studies.  When  the  population  of  a  desirable 
organism  is  low,  then  some  enrichment  is  necessary.  Enrichment 
usually  means  increasing  the  population  size  by  altering  the  en¬ 
vironment  (21).  A  diagram  of  the  chemostat  physical  set  up  is 
given  in  Figure  2.  The  chemostat  is  inoculate  with  pure  and 
mixed  identified  cultures  using  the  contaminant,  JP-5 ,  as  the 
sole  carbon  source.  Analysis  of  the  effluent,  is  by  GC ,  HPLC , 
and/or  UV  for  the  determination  of  biodegradation  and  bioconver¬ 
sion.  Then,  characterize  the  degree  of  contaminant  removal  and 
amount  of  conversion  products  produced  per  strain  or  mixture  of 
microorganisms .  Use  of  the  chemostat  will  give  data  regarding 
toxicity  concent  I  at i on ,  and  optimal  nutrient  amendments  for  a 
broth  culture.  This  would  allow  one  to  maximize  microbial 
biodegradation  by  manipulating  environmental  parameters,  such  as 
dissolved  oxygen,  nutrients,  pH  and  temperature.  A  major  weak¬ 
ness  in  most  claims  of  biorestoration  success  is  the  lack  of  con¬ 
trols  for  abiotic  mechanisms  that  might  account  for  the  removal 
process.  The  increase  in  the  rate  of  substrate  decay  in  ex¬ 
perimental  microcosms  over  sterile  abiotic  control  flasks  (i.e. 
controls)  can  be  attributed  to  biodegradation,  and  thus  account 
for  abiotic  mechanisms  of  removal. 

By  nutrient  amendments.  one  refers  to  the  adjustment  of 
oxygen,  nitrogen  and  phosphorous.  Usually,  the  contaminant  is 
the  only  carbon  source  used,  although  cometabolism  is  not  uncom¬ 
mon,  In  a  mixed  population  and  in  an  uncontrolled  environmental 
matrix  such  as  in  situ  soil,  the  addition  of  an  additional, 
potentially  more  easily  metabolized  carbon  source  may  not  prove 
to  be  helpful.  Optimum  growth  can  be,  as  a  result  of  amendment 
addition,  doterminod  by: 

1.  Rate  of  biomass  increase  and  the  rate  of  substrate  disap¬ 
pearance,  as  determined  spectrophotometrica 1 ly  and/or  by  gas 
chromatography  (GC).  Soil  extraction  of  contaminant  from  the 
sample  using  conventional  extraction  and  column  cleanup  proce¬ 
dures  as  recommended  by  the  EPA  (25). 

2.  GC ,  HPLC,  UV  and/or  MS  analysis  of  the  soil  to  determine 
the  JP-5  contaminant  concentrations.  Observation  of  removal 
of  the  substrate  is  the  best  way  to  assess  microbial  activity. 

In  Situ  Assay:  This  Information  can  then  be  used  to  set  up  soil 
columns.  Our  soil  columns  are  Im  long,  4  cm  diameter  glass 
columns,  that  use  an  upflow  of  influent  with  effluent  being  dis¬ 
charged  from  the  top  of  the  column.  In  using  a  soil  column  ,  one 
tests  for  adsorbance  on  soil  types,  permeability  of  formation, 
chemical  aspects  i.e.,  precipitation  or  complexation  of  critical 
nutrients,  adherence  of  organisms  end  adsorbance  of  waste,  par¬ 
titioning  coefficients,  adsorbtion  and  adherence  of  the  Influent 
and  retention  time  needed  in  addition  to  fine  tuning  of  nutri¬ 
tional  amendments  that  have  been  determined  via  the  chemostat  ex¬ 
perimentation,  Again,  the  depletion  of  the  contaminant,  JP-5,  is 
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monitored.  This_,^ata  can  then  be  applied  in  situ  at  the  field 
test  site.  Here* enhancement  of  indigenous  organisms,  and  thus 
optimizing  naturally  selected  hydrocarbon  degraders,  can  occur. 

■Metabolite  Toxicity:  As  with  all  bioconversions,  metabolites  are 
produced.  It  is  imoortant  that  laboratory  screening  procedures 
for  toxicity  of  metabolites  are  conducted.  The  production  of  me¬ 
tabolites  which  are  more  toxic  than  the  parent  compound  during 
biodegradation  is  a  known  phenomenon  (25).  The  need  to  evaluate 
the  level  of  hazard  of  compounds  has  been  met  by  technological 
methods  of  Itoxicity  testing.  Toxicity  measurements  indicate  the 
level  of  hazard  by  determining  how  quickly  a  given  organism  dies 
in  the  presence  of  a  given  compound  at  a  certain  concentration. 
The  speed  of  death  and  the  numbers  of  organisms  which  die  indi¬ 
cate  the  hazard  of  that  compound.  Several  recent  and  on-going 
studies  by  the  EPA  and  others  have  attempted  to  evaluate  and  rank 
toxicity  indicator  organisms  in  order  of  sensitivity.  Two 
studies  of  hazardous  waste  site  materials  obtained  the  following 
results : 

Test  organisms  listed  in  order  of  decreasing  sensitivity 

1.  Alga  'Selenastrum  capri ccrnutum) 

2 .  Daphnia  magna 

3.  Microtox  ( photo  1 uminescent  bacterium) 

However,  in  certain  types  of  wastes,  the  ranking  of  organisms  may 
be  reversed  (25).  Our  laboratory  u.sed  MICROTCX  (Microbics,  Inc.) 
toxicity  assays  (22,  23). 

The  EPA  and  others  have  recommended  that  ac  least  two  toxicity 
indicators  be  used  in  environmental  toxicity  testing  (lA,  25,). 
Sevsrasl  laws,  such  as  the  Comprehensive  Environmental  Response, 
Compensation  and  Liability  Act  (CERCLA),  Clean  Water  Act, 
Resource  Conservation  and  Recovery  Act,  and  Toxic  Substances  Con¬ 
trol  Act,  require  the  safe  handling  and  disposal  of  hazardous 
waste.*?.  For  biodegradation  to  be  considered  a  safe  disposal 
method,  ♦•he  product.^  of  biodegradation  must  also  be  examined  for 
toxicity.  Toxicity  testing  should  be  performed  as  a  part  of  a 
site  evaluation,  laboratory  simulations  and  field  treatment 
studies . 

Field  Test;  The  last  step  in  this  strategy  is  the  performance  of 
field  tests.  A  baseline  level  of  specific  de^rader  populations 
and  activity  meaeurements  should  be  collected  within  the  impacted 
arsct  before  the  biorestoration  effort  has  started  and  identical 
data  should  be  collected  from  outside  the  polluted  area  to  servo 
ds  a  background.  Also,  an  impacted  control  plot  should  also  be 
established  that  does  not  receive  the  bioretnediat ion  treatment  to 
act  as  a  baseline  comparison.  5y  carefully  monitoring  these 
areas  for  substrate  depletion  with  time,  the  effectiveness  of  the 
applied  biorestoration  effort  can  be  evaluated.  Thus  three  test 
plots  are  recommended: 

1.  One  contaminated  with  JP-5  and  treated  using  the  data 

gathered  in  laboratory  tests. 


2.  One  contaminated  with  JP-5  and  not  treated. 

3.  One  not  contaminated  with  JP-5  and  yet  treated. 

The  depletion  of  the  contaminant  is  the  ultimate  interest  in 
any  biui'fcstoration  effort  and  is  the  parameter  which  should  be 
routinely  measured.  Thus.  by  measuring  the  rate  of  contaminant 
depletion  in  representative  samples,  the  efficiency  of  the 
biorestoration  effort  can  be  evaluated  relative  to  both  baseline 
and  background  controls.  For  instance,  before  a  treatment 
process  is  implemented,  the  rate  of  substrate  decay  in  laboratory 
assays  may  be  nil.  However,  as  a  result  of  fielu  treatments,  the 
laboratory  determined  rates  may  be  accelerated  with  time  relative 
to  appropriate  background  and  baseline  controls.  It  is  important 
to  emphasize  at  this  point  the  need  to  have  performed  representa¬ 
tive  simulations  of  the  environment  under  examination  with  ap¬ 
propriate  laboratory  controls  to  account  for  abiotic  losses  of 
the  substrate  (i.e.  sorption,  volatilization,  etc.). 

When  the  desired  treatment  level  is  reached  (i.e.  the  con¬ 
taminant  is  reduced  to  predetermined  acceptable  levels  or  back¬ 
ground)  the  restoration  effort  can  be  discontinued.  Such  a  con¬ 
sideration  early  in  any  bioremediation  effort  helps  focus  on  the 
extent  of  the  contamination  problem,  the  efficiency  of  the 
removal  mechanism  and  the  endpoint  of  the  cleanup  procedure. 

WRAT  WE  HAVE  DONE 

In  our  laboratory,  microorganisms  indigenous  to  the  field  site 
were  isolated,  and  the  ability  of  isolated  microorganisms  to  me¬ 
tabolize  JP-5  and  select  individual  JP-5  components  is  being  ex¬ 
amined.  Individual  components  chosen  for  this  investigation  are 
representatives  of  the  major  chemical  groups  comprising  petroleum 
fuels:  alkanes,  cycloalkanes,  alkenes,  alkyl  benzenes,  and 
polynuclear  aromatic  hydrocarbons.  (27).  Microorganisms  capable 
of  growing  on  fuel  hydrocarbons  were  found  in  three  soil  samples 
examined.  It  was  anticipated  that  these  soils  had  potential  for 
promoting  the  growth  of  the  indigenous  microflora.  However,  our 
data  show  that  the  isolated  organisms  were  not  able  to  utilize 
all  the  petroleum  hydrocarbons  tested  as  determined  by  biomass 
increase.  However,  experimentation  is  ongoing,  using  more  sensi¬ 
tive  assays  for  the  determination  of  component  remova’.  .  Also, 
toxicity  analysis  was  underway,  using  the  Microtox  appaiatus  and 
individual  hycrocarbon  components,  and  also  effluents  from 
preliminary  soil  column  work  (23). 

SITMJMAJRY  ; 

It  is  suggested  that  a  workable  strategy  for  assessing  the 
ability  of  native  bacteria  to  biodegrade  subsoil  and  ground  water 
contaminants,  such  as  JP-5  would  be  as  give  in  Figure  1. 
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The  potential  use  for  such  a  strategy  is  the  assessment  of 
potential  petroleum  hydrocarbon  degraders  and  the  ability  to 
amplify  in  situ  degradation  capabilities.  This  can  be  ac¬ 
complished  by  enhance  growth  via  the  regulation  of  factors  such 
as  oxygen,  nitrogen,  and  phosphorus.  This  strategy  can  be  ap¬ 
plied  to  many  ground  water  or  soil  contaminants  and  may  be  a  vi¬ 
able  strategy  for  setting  up  successful  bioremediation  attempts. 
An  added  attraction  of  this  strategy  is  the  potential  for  the 
isolation  of  organisms  suitable  for  pan  site  bioaugmentation. 
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F  igure  1  : 


ASSESSING  XME 

ABILITY  OF  NATIVE  BACTERIA  TO 

biodegrade  or— 5 . 


ARRROACH : 

-Lab  Bacteria  Population  Studies 
-S o i I / C h e rao s t a t  Laboratory  Tests 
-Column  Tests 
-Field  Tests 
-Technology  e'/aluation 


I  SSDES  : 


What  organisms  are  naturally  found  in  contaminated 
Areas? 

Which  naturally  occurring,  site-specific  microor¬ 
ganisms  can  biodegrade  specific  hazardous  wastes? 

^°'^tiVn?^  environmental  parameters  affect  biodegrada- 


What  effect  will  different  environmental  augmenta¬ 
tion  have  on  biodegradation/bioremediation? 


How  will  laboratory  testing, 
experimentation,  translate 
t i ons  ? 


such  as  soil  column 
to  in-situ  applica- 


How  do  specific  contaminant  components  affect 
bioaugmentation? 
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SulfatB-reducing  bactaria  oxidize  sulfur  compounds  and  release  j 

hydrogen  sulfide  during  their  metabolism.  Secause  many  metal  sulfides 
are  not  soluble  in  water  (Table  1)«  it  could  be  expected  that  sulfate 
reduction  in  metal-contaminated  liquid  media  will  lead  to  the 

formacion  of  insoluble  metal  sulfides  (Table  1).  The  precipitation  of  i 

heavy  metals  from  wastewaters  by  sulfide  generation  has  been  proposed 
in  the  past*  and  studies  of  its  feasibility  have  met  with  varying 
degrees  of  success.  The  addition  of  sulfide  ion  to  wastewater  has 
been  shown  to  decrease  the  concentration  of  dissolved  mercury* 
although  sulTide  generation  by  bacteria  apparently  results  in  greater 
metal  precipitation  per  mole  of  sulfide  added  to  the  reaction. 


Table  1 

Solubility  Products  of  Selected  Metals  Sulfides 

1 

1 

t 

1  in  Water 

Hg  metal/Liter 

! 

1 

li 

CdS 

0.00000087 

i 

Bi^Ss 

0.0000000019 

\ 

1 

V*oSm 

0.000016 

i 

1 

CUmS 

0 . 0000000000043 

>■ 

CuS 

0 . 000000000000083 

\ 

i 

1 

L 

FeS 

0.00019 

i 

i 

!; 

PbS 

0.0000043 

i 

c 

1 

rinS 

0.00000044 

0.0000000000073 

i 

HgS 

0 . OOOOOOOOOOOOOO 1 1 

i 

NiS 

0.00011 

1 

1 

Ag.S 

0 . 0000000084 

[ 

SnS 

0.000048 

ZnS 

- . - . .  -- 

0.0000034 

I 

I 


W«  have  been  worKing  to  develop  svatems  tor  the  removal  of  heavy 
metals  from  wastewater  using  the  microbial  production  of  sulfide  by  a 
sulf ate-reOucing  bacteria  (Pigure  1).  If  the  ions  of  metals  whose 
sulfides  are  insoluble  in  water  are  present  in  solution  with  ac\ .vely 
growing  sulfate-reducing  bacteria*  those  metals  will  be  precipitated 
as  sulfides  and  can  be  removed  from  the  medium  by  centrifugation  or 
f i Itration. 


F  i  pure _ 1. 

The  Relation  of  Sulf  ate— ffeducinj  Bacteria  to  fletal  Sulfide 

Sulf.?te— P>d-ic  ing  Bacteria  Sulfate  Nutrients 


Hydrogen  Sulfide 

Ionic  rtetals 
(soluble  in  water) 


Metal  Sulfide 
(insoluble  in  water) 


We  have  carried  out  a  ser  les  of  experiments  to  characterize  tne 
precipi tatlon  of  heavy  metals  by  sulfate-reducing  bacteria.  Growth 
media  for  these  bacteria  typically  contains  lactate  and  sulfate*  along 
witn  ferrous  ion*  which  reacts  with  the  sulfide  gonerated  to  form  a 
black  precipitate  In  the  medlua.  This  precipitate  is  thus  an 
Indicator  of  sulfate  reduction.  Many  other  metal  sulfidee  are 
Insoluble*  notably  thoae  of  mercury*  cadmium*  and  lead.  Therefore*  it 
seems  probable  chat  those  metale  should  be  removed  from  solution  by 
the  growth  of  sulfate-reducing  bacteria.  To  test  this  hypothesis*  we 
added  radioactive  HgCl«  to  a  growth  medium  in  which  a  culture  of 
sulfate-reducing  bacteria  was  then  Inoculated.  After  various  periods 
of  growth*  the  medium  was  filtered  and  the  amount  of  soluble  mercury 
remaining  wan  determined.  Soluble  mercury  levels  were  reduced  from  10 
ppm  to  0.03  ppb.  Table  2  showe  that  several  other  heavy  metals 
commonly  found  in  industrial  wastes  can  also  be  removed  by  this 


process.  Ue  have  also  treated  samples  of  «<fastewetBr  from  the 
U.S.D.O.E.  Y-12  Plant  in  this  way  and  reduced  the  level  of  soluble 
mercury  below  the  limits  of  detection  ae  meacursd  by  atomic  absorption 
spectroscopy  (Table  3). 


Table  3 

The  Removal  of  Metal  Ions  from  Solution  b 


Sulfate-Reducing  Sacteria 


Metal 


Concentration 
Initial  Final 


mg  metal /II  ter 


Percent 

Remaining 


Cadmium 

0.3 

0.02 

4.0 

500 

5.0 

1.0 

Lead 

10,000 

620 

6.2 

Mercury 

5.0 

0.06 

1.2 

100 

0.3 

0.3 

Nickel 

10,000 

2400 

2.4 

Zinc 

1000 

100 

10.0 

Th«  sulfidas  formed  at  th*  call  sur-fac®  or  in  th*  naar 

vicinity  of  tha  callt  but  ara  not  tightly  bound  to  tha  ca^l. 
Accordingly!  thay  do  not  form  dapoaita  that  poiaon  tha  call  or 
physically  block  tha  flow  of  matabolitaa  into  or  out  of  tha  call.  In 
facti  tha  local  pracipitation  of  matala  aaama  to  ba  an  important 
factor  in  randarlng  thasa  organiama  ralativaly  raaiatant  to  tha  toxic 
affacta  of  haavy  matala.  Wa  hava  obaarvad  tha  growth  of 
aulf ata-'raduc ing  bactaria  in  madia  containing  500  ppm  Kg'^'*’  or  50  ppm 
Cd"'*’,  with  concomitant  removal  of  tha  majcrity  of  tha  heavy  matala 
from  solution.  Wa  baliava  that  thaaa  organiama  can  ba  utilizad  in 
larga-scala  waata  traatmant  ayatama  to  raduca  tha  concantrat ions  of  a 
variety  of  heavy  metal  pollutanta  to  acceptable  lavala. 

This  microbial  system  has  application  to  soil!  aedimentt  and 
sludge.  Sulfate-reducing  bactaria  indigenous  to  soil*  sediment  and/or 
sludge  can  immobilize  a  wide  range  of  heavy  matala  as  insoluble  matal 
sulfides  (Tabla  1).  Tha  natural  production  of  biogenic  hydrogen 
sulfide  is  enhanced  by  tha  addition  of  calcium  sulfate  (gypsum)  and 
a  carbon  sourcal  thay  are  spread  on  soil*  sediment  and/or  sludge.  Tha 
added  sulfate  and  carbon  stimulate  matal  sulfide  formation  and  prevent 
tha  transformation  of  some  metals  to  toxic  organic  (methylated)  forms 
by  sulfata-reducing  bacteria. 

host  heavy  matal  ions  bind  tightly  to  particulates  in  soil*  and 
subsequent  migration  through  the  soil  column  la  minimal  (USEFAr  1983). 
Spreading  of  sewage  sludges  on  tha  land  surface  distributes  mercury 


and  other  metale  such  as  antimonvt  arsenic »  cadmium*  chromium*  lead* 
mercury,  selenium,  and  zinc  in  soil.  These  metals  are  considered  to 
pose  little  hazard  to  plant  li/e.  However,  plants  may  bioaccumulare 
these  metals  and  increase  the  risk  of  human  exposure  through  the 
food  chain.  Furthermore*  oound  metals  are  not  necessarily  chemically 
stable  and  can  undergo  changes  in  cheimical  speciation  and  type  of 
particulate  carrier*  and  be  subject  to  biological  transformation  and 
biomagnification.  Biological  agents*  particularly  bacteria  and  fungi* 
may  either  degrade  organic  matrices  to  which  metals  are  bound  or 
convert  inorganic  metal  ions  to  volatile  organic  forms.  These  latter 
conversions  are  of  special  interest  because  they  represent  a  pathway 
for  bound*  and  apparently  stable,  metals  to  be  mobilized  and  enter  the 
food  chain  and  aqueous  and  atmospheric  environments. 

Because  of  their  low  solubi 1 itias*  metal  sulfides  may  form  readily 
at  normal  temperatures  and  pressures  upon  the  interaction  of  sulfide 
and  metal  ions.  As  Indicated  in  Table  1*  a  number  of  potentially 
toxic  elements  (e.g.*  Cd«  Hg *  Cu*  Fb*  Ni*  Ag*  Sn*  and  Zn)  form 
relatively  insoluble  sulfides.  These  metal  sulfides  may  be  formed 
either  abiogunical ly  or  b logenical ly *  depending  on  the  source  of  the 
'eactive  sulfide.  Sulfate-reducing  bacteria  require  an  anaerobic 
mvironment *  a  source  of  sulfate*  and  any  of  several  simple  organic 
rarbon  compounds  to  produce  sulfide  in  tufflcient  quantities  to  reect 
4lth  free  or  bound  metal  ions.  High  concentrations  of  toxic  metals  in 
loils  and  sediments  do  not  appear  to  have  a  significantly  toxic  effect 
>n  these  organisms*  due  to  the  high  degree  of  metal  adsorption  to 
)articulatas  such  as  clays  and  organic  setter  as  well  as  the  rapid 
’’ormation  of  metal  sulfides  in  their  vicinity. 

In  soil  organic  matter  may  interact  with  elements  In  solution* 
:helating  them  and  preventing  the  formation  of  metal  sulfides, 
lowever  with  time  these  metals  are  released  from  the  organic  matter 
ind  metal  can  interact  with  sulfide  to  form  the  metal  sulfide.  Thus 
etals  in  soil  can  either  react  with  organic  matter  or  hydrogen 
ulfide  which  will  reduce  the  soil  mobility  of  the  metal. 

The  deliberate  enhancement  of  sulfate  reduction  activity  in  soils 
nd  sediments  to  immobilize  heavy  metals  has  been  suggested 
reviously.  In  laboratory  and  field  studies*  we  have  observed  a 
eduction  in  leachabillty  of  a  variety  of  toxic  metals  from  soil  and 
•diment  (Table  4).  Ae  shown  the  percent  leached  using  the  TLCP 

rocadura  of  ERA  for  sovarsl  metals  was  less  than  3X  of  the  total 

*tal  concentration  present.  This  observation  has  been  confirmed  in 
laid  studies.  Furthermore*  In  laboratory  studies  the  formed  metals 
jlfids  were  stabile  over  a  period  of  IS  months  (  i.e.*  the  amount 

lached  on  a  monthly  basis  over  the  IS  month  oariod  wae  similar  to  the 

Kiunts  shown  in  Table  4). 


Table  ^ 

Reduction  in  acetic  acid  Leachabilitv  of  Lead;  Cadmium^ 
Mercury,  Chro;T<mm<  and  Silve«~  from  Soil 


Metal  Complex 
Added 

Final  Concentration 
of  Metal  in  Soil 

Additions  to  Soil 
Water  Water,  Calcium  Sulfate 
Plus  a  Carbon  Source 

ppm 

percent 

of  total  leached 

Mercuric 

chloride 

600 

31 

1.3 

Lead 

chloride 

300 

66 

3.6 

Cadmium 

chloride 

600 

70 

2.9 

Silver 
ni trato 

300 

49 

1.3 

Chromium 

600 

80 

21.6 

haxavalent 


A  EOO-*g  s«ntpl»  of  soil  w«c  mixed  and  divided  into  lOQ-g  aliquots. 
One  100-g  aliquot  was  heat^ster i 1 1  zed  and  cooled  before  addition 
of  the  metals  shown  a^ove.  To  both  lOO-g  aliquots  were  added 
individual ly»  an  aqueous  solution  of  the  above  metal  complexes  to 
the  final  concentration  indicated.  After  the  addition  of  the 
metal  complex •  samples  were  mixed  with  water  (i.e.»  the 
heat-sterilized  samples)  or  water  plus  calcium  sulfate  plus  a 
carbon  source.  This  slurry  was  incubated  at  room  temperature  for 
4  days  and  extracted  with  acetic  jcld  using  the  EPA  EP  toxicity 
extraction  method.  After  extraction*  the  above  metals  were 
determined  in  the  leachate  using  atomic  absorption  with  a 
graphite  furnace.  The  results  are  the  mean  of  four  extractions 
and  analyses. 


These  results  indicate  the  potential  of  immobilizing  the  metals  in 
soil  and  sediment.  In  addition  these  metals  in  the  sulfide  form 
would  be  less  toxic  to  mammals  because  of  their  low  solubility  in 
water.  Thus  the  amplification  of  sulfate-reducing  bacteria  in  soil 


^ouid  reduce  the  mobility  and  potential  toxicity  of  choee  matals 
Town  in  Taole  It  application  to  sites  with  haav  ■  metal 

ontamination  is  apoarent. 


BIOMONITORING  TECHNOLOGY:  IN  SITU  MONITORING  OF 


BIOOXIDATICN  OF  HYDROCARBON  FUELS 


H.  B.  KERFOOT 


) 


BIOMONITORING 


A  HISTORICAL  PERSPECTIVE 


EARLY  BIOMONITORING: 

-CANARYS  TO  DETECT  METHANE  IN  MINES 
-MANY  MEDICAL  APPLICATIONS 

EARLY  ENVIRONMENTAL  APPLICATIONS 

-BIOASSAYS  TO  EVALUATE  WASTE  TOXICITY 

-CULTURING  AND  IDENTIFYING/ENUMERATING  SPECIFIC 
MICROORGANISMS  IN  WATER 

-CULTURING  WATER  TO  DETECT  FECAL  COLIFORM 
RESPIRATION 


-ASSESSING  BIOLOGICAL  OXYGEN  DEMAND 


BIOMONITORING:  A  HISTORICAL  PERSPECTIVE 


PAST  APPLICATIONS  OF  BIOMONITORING  TO  HAZARDOUS  SUBSTANCES 

-U.  S.  ARMY/  U.  S.  COAST  GUARD  ENZYME  TICKET  TO  DETECT 
CHOLINESTERASE-INHIBITING  SUBSTANCES  IN  WATER 

non-specific 

several  interferences 

EMERGING  BIOMONITGrING  TECHNIQUES  FOR  HAZARDOUS  SUBSTANCES 
-RESPIRATION  MEASUREMENT 

Testing  ground-water/soil  samples  for  adapted 
microorganisms 

In  situ  techniques 

-IMMUNOASSAY  METHODS 

Extreme  specificity 

Numerous  applications 

Most  suitable  for  high  molecular-weight  compounds 
Most  suitable  for  dedicated  specific  monitoring 


o 

o 

u 

o 

o 

o 
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IMMUNOASSAY  TECHNIQUES 


BASED  ON  THE  FORMATION  OF  AN  ANALYTE-ANTIBODY  COMPLEX 

-ANTIGEN  MUST  BE  LARGE,  SO  SMALL  (VOLATILE) 
COMPOUNDS  MUST  OFTEN  BE  DERIVATIZED  TO  FORM  A 
LARGER  MOLECULE 

-SEVERAL  APPROACHES  TO  DETECTING  AND  MEASURING  THE 
FORMATION  OF  THE  ANTIGEN-ANTIBODY  COMPLEX 

APPROACHES  TO  DETECTION  OF  ANALYTE-ANTIBODY  COMPLEXES 
-LABORATORY  METHODS 

radiolabelled  antigens 
others 

-POTENTIAL  FIELD  METHODS 

antigen-coated  test  tubes 

antigen-coated  fiber  optics 

antigen-coated  piezoelectric  crystals 

NOTE:  DUE  TO  THEIR  HIGHLY  SPECIFIC  NATURE,  liMMUNOASSAY 

TECHNIQUES  WILL  COMPLEMENT,  BUT  NOT  REPLACE , BROAD  SPECTRUM 
ANALYTICAL  METHODS  SUCH  AS  GC/MS .  MOST  LIKELY 
THESE  METHODS  WILL  BE  USEFUL  FOR  DEDICATED  LONG-TERM 
MONITORING. 


IMMUNOASSAY  TECHNIQUES 


DEMONSTRATED  IMMUNOASSAY  ENVIRONMENTAL  MONITORING  APPLICATIONS 
Pentachlorophenol 
Benzene,  toluene,  xylene 
Dioxins 

ENVIRONMENTAL  MONITORING  APPLICATIONS  IN  DEVELOPMENT 
-INDICATOR  COMPOUNDS 
-MONITORING  CLEANUPS 

Compounds  For  Which  Immunoassay  Methods  are  Under  Development 
Nitroaromatic  compounds 
Chlorinated  benzenes 
Phenol 
Benzene 
Toluene 
Ethylbenzene 

Expressed  proteins  from  genetically  engineered 
microorganisms 


IN  SITU  MONITORING  OF  BIOGENIC  SOIL-GAS  CARBON  DIOXIDE 


SOIL-GAS  SAMPLING  AND  AxNALYSIS  - 

A  RAPID,  COST-EFFECTIVE  TECHNIQUE 
-Mapping  contaminant  plumes 
-Leak  detection 

SOIL-GAS  TECHNOLOGY  DEPENDS  UPON: 


Efficient  soil-gas  transport  of  the  target 

compound  from  the  contamination  to  the  sampling  location 


Conservative  ( non-degraded)  behavior  of  target 
compounds  in  the  subsurface 


SOIL-GAS  C02  CONCENTRATIONS;  DETECTION  OF  DISSOLVED 
HYDROCARBON  CONTAMINATION 


SOIL-GAS  SURVEY  PROBLEMS:  SUBSURFACE  BIODEGRADATION  OF 

HYDROCARBONS 

PROBLEM:  Subsurface  biodegradation  of  hydrocarbons  can  result  in 

non-detectable  soil-gas  hydrocarbon  concentrations  above 
significant  hydrocarbon  contaminations. 

PROCESS _ REACTION _ 

Aerobic 

Respiration  2C6H6  +  1502  =  12C02  +  6H20 

Denitrification  6H+  +  6N03-  +  C6H6  =  6C02  +  3N2  +  6H20 

Mn(IV)  Reduction  30H+  +  15Mn02  +  C6H6  =  6C02  +  15Mn++  18  H20 

Fe(III)  Reduction  60H+  Fe(0H)3  -r  C6H6  =  6C02  +  30Fe+^  -r  7SH20 

Sulfate  Reduction  7 . 5S04 —  +  5H+  -*■  C6H6  =  6C02  +  3H2S  -r  2H20 

Methane 

Fermentation  3 . 5C02  +  5H20  +  C6H6  =  6C02  +  3 . 5CH4 

Nitrogen  Fixation  10H+  +  5N2  +  C6H6  +  12H20  =  6C02  +  10NH4+ 
Adapted  from:  Champ,  et  al,  1978 

SOLUTION:  DETECT  THE  PRODUCTS  OF  BIOOXIDATION  OF  THE  HYDROCARBONS 


SOIL  GAS  CONCENTRATIONS  ABOVE  HYDROCARBON-CONTAMINATED  GROUND  WATER 


,/ 


Depth  to 

pH 

Organic 

Inorganic 

Soil-Gas 

Ground  Water  (n 

) 

Carbon  (rag/L) 

Carbon  (mg/L) 

C02  (%) 

o 

5.5 

7  .  10 

2.52 

40.8 

0.09 

2 . 4 

6.95 

13.02 

76.0 

0.45 

O 

2.2 

7.03 

12.27 

73 . 2 

0.32 

2 . 8 

7 . 02 

14.79 

76.8 

0.36* 

kj 

2.8 

7 . 02 

14.79 

76.8 

0.35* 

o 

2.7 

6.98 

12.54 

73 . 6 

0.41 

2 . 9 

7.20 

9.20 

57 . 9 

0. 10 

o 

Source:  Ground 

Water  Monitoring  Review, 

Spring,  1988, 

pp.  67-71. 
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SOIL-GAS  C02  CONCENTRATIONS:  DIFFERENTATION  BETWEEN  PURE  PRODUCT 

AND  DISSOLVED  FUEL  COIJTAMINATION 


POSSIBLE  REASONS  FOR  A  POOR  CORRELATION  BETWEEN  C02  AND  TOTAL 
HYDROCARBON  CONCENTRATIONS  IN  SOIL  GASES 

-POCKETS  OF  PURE  PRODUCT 

-TEMPERATURE  EFFECTS 

-SPATIAL  VARIABILITY  IN  SOIL-GAS  C02  FLUXES 
-NOT  A  CLOSED  SYSTEM 

-NOT  AN  ORGANIC-CARBON  LIMITED  SYSTEM 


POSSIBLE  FUTURE  VJORK 


-Evaluate  the  effects  of  spatial  variability  on  soil-gas  C02 
concentrations 

-Evaluate  the  temporal  variability  of  soil  -gas  C02 
concentrations  and  the  factors  that  cause  it 

-Evaluate  the  effects  of  hydrogeologic  factors  on  soil-gas 
C02  concentrations  near  hydrocarbon  contamination 

-Evaluate  the  use  of  soil-gas  analysis  for  C02 ,  02,  N20,  NO 
and  other  compounds  for  use  in  process  control  in 
leanups 


Measurement  of  Carbon  Dioxide  in  Soil  Gases 
for  Lidication  of  Subsurface 
Hydrocarbon  Contamination 

by  H.B.  Kerf 001,  C.L  Mayer,  P.B.  Durgin  and  J.J.  D'Lugosz 


Abstract 

A  preliminary  field  evaluation  of  a  new  application  of  soil-gas  measurement  for  delincaiior  of  subsurface  organic 
contamination  is  desenbed.  Tl  ;  method  measures  carben  dioxide  concentrations  in  soil  gases  and  is  based  on  the 
hypothesis  that  carbon  dioxide  concentrations  from  subsurface  oxidation  of  organic  compounds  will  be  porportional  to 
the  extent  of  organic  contamination.  A  correlation  coefficient  (r)  of  0.81  (n=6)  was  obser.'ed  between  ground  water 
dissolved  organic  carbon  ground  water  concentrations  and  carbon  dioxide  concentrations  in  the  overlying  soil  gases  at 
one  sue.  Soil-gas  carbon  dioxide  concentrations  measured  ranged  from  0.09  percent  to  0.45  percent. 


Introduction 

Sampling  and  analysis  of  soil  gases  can  be  a  valuable 
technique  for  delineation  of  the  extent  of  contamination 
by  volatile  organic  compounds  (VOCs).  Typically,  soil 
gases  are  sampled  and  the  VOC  concentration  in  them  is 
determined  by  traditional  gas  chromatographic  metiiods 
or  by  detectors.  This  technology  has  shown  success  both 
in  field  evaluations  I  Marrin  and  Tliorr.pson  1984,  Ke-foot 
and  Barrows  1987,  Kerfoot  and  Mayer  1987)  and  in 
actual  preliminarv’  site  characterization  efforu  (Evans 
and  Thompson  1987,  Marrin  and  Thompson  1987). 
techniques  of  soii-gas  surveying  depend  on  the  panition- 
ing  of  the  target  compound(s)  from  soil  or  ground  water 
into  the  interstitial  soil  gases  and  cn  the  gas-phase  diffu¬ 
sion  of  these  compounds  through  the  vadose  zone.  For 
these  techniques  to  be  successful,  the  VCXTs  must  be 
persistent  and  not  undergo  oxidation  in  »he  subsurface 
(Evans  and  Thompson  1987,  Marrin  and  kerfoot  in 
press).  Failures  of  the  technology  to  o'.tea  petroleum 
hydrocarbons  do  occur.  Compound-specific  factors  of 
either  low  volatility  of  the  hydrocar'v  ns  or  subsurface 
oxidation  of  the  hydrocarbons  have  been  cited  as  causes 
oi  tuch  failures  (Evans  and  Thompson  1987).  In  this  brief 
article,  a  new  approach  to  soil-gas  surveyin'?  not  subject 


to  these  limitations  is  desenbed.  The  technique  reponed 
here  takes  advantage  of  the  fan  that  subsurface  oxidation 
of  organic  carbon  can  provide  increased  carbon  dioxide 
concentrations  in  soil  gas  and  ground  water  (Haas  et  al. 
1983.  Krauskopf  1967).  Soil-gas  carbon  dioxide  concen¬ 
trations  0.1  to  5  percent  by  volume  are  common 
(Fernandez  and  Kosian  1987,  Matthess  1982).  Above 
ground  water  that  is  highly  contaminated  with  organic 
compounds,  carbon  dioxide  concentrations  of  up  to 
26  percent  have  been  measured  (Bishop  et  al.  1966). 
Tnese  elevated  soil-gas  concentrations  ate  attributed  to 
subsurface  oxidation  of  organic  compounds  (Bishop  et 
al.  1966,  Haas  et  al.  1983,  Matthess  1982).  If  this  is  the 
case,  both  the  soil-gas  carbon  dioxide  concentrations 
and  the  ground  water  inorganic  carbon  concentrations 
should  correlate  with  the  dissolved  carbon  content  of 
contaminated  ground  water.  This  article  describes  mea¬ 
surements  made  to  test  that  hypothesis. 

Oxidation  of  hydrocarbons,  such  as  benzene,  can 
utilize  molecular  oxygen  or  aquifer  materials  (e.g., 
pyrolusitc)  as  oxygen  sources  (Champ  et  al.  1979); 

2CjH(,M50j- 12C02r6Hj0  (I) 

12HjO  *  C^Hj  +  15MnOj  -  6COj 

30OH-+ I5Mn**  (2) 

Sprint  19U  GWMR 
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Based  on  the  stoichiometry  of  Equations  1  and  2, 
approximately  1 32  milligrams  of  carbon  dioxide  would 
be  produced  from  each  39  milligram.s  of  benzene.  At 
standard  temperature  and  pressure,  this  corresponds 
to  approximately  6.6  liters  of  0.3  percent  by  volume 
carbon  dioxide  in  the  gas  phase.  Sirr.'larly,  36  milli¬ 
grams  of  organic  carbon  could  potentially  produce  i  32 
milligrams  of  carbon  dioxide.  The  presence  of  high 
concentrations  of  free  carbon  dioxide  in  aquifers  with 
high  dissolved  organic  carbon  concentrations  has  been 
observed  (Edmunds  1973).  The  rate  of  surface  oxida¬ 
tion  of  organic  ground  water  contaminants  is  quite 
variable,  depending  on  their  molecular  structures, 
physical  properties  and  site-specific  factors  (Matthess 
1982). 

Experimental  Section 

Site 

Field  measurements  were  performed  at  a  site  of 
known  ground  water  contamination  that  has  been  used 
previously  for  studies  of  soil-gas  survey  techniques  (Kcr- 
foot  and  Barrows  1987,  Kerfoot  and  Mayer  1987). 
Ground  water  monitoring  wells  at  64-meter  (200  foot) 
intervals  along  a  line  perpendicular  to  the  nonhward 
flow  of  ground  water  transect  a  plume  of  benzene  and 
chlorobenzene  contamination.  Table  1  lists  the  benzene 
and  chlorobenzene  concentrations  in  wells  at  the  site. 
Figure  1  shows  the  hydrogeology  at  the  site  and  the  well 
locations.  Ground  water  occurs  at  2  to  4.4  meters  below 
the  ground  surface  in  calcified  unconsolidated  alluvium. 
The  soil  type  is  a  Caliza  very  gravelly  sandy  loam  with  a 
clay  content  of  2  to  8  percent  that  decreases  with  depth 
(Soil  Conservation  Service  1974).  The  soil  permeability  is 
5  to  1 5cm  per  hour  at  depths  of  0  to  40cm  and  15  to  50cm 
per  hour  at  depths  of  40  to  150cm.  The  site  has  very 
sparse  desert  vegetation,  and  the  soil  has  little  or  no 
organic  matter.  The  average  annual  precipitation  is  10  to 
15cm. 

Apparatus 

Measurements  of  pH  svere  performed  in  the  field 
with  a  PHl-21  temperature-compensated  portable  Beck¬ 
man  pH  meter  fitted  with  an  Oricn-Ross  electrode. 
Organic  and  inorganic  analyses  were  performed  with  a 
Dohrman  carbon  analyzer.  Ground  water  samples  were 
pumped  with  a  bladder  pump  into  standard  40mL  glass 
septum-capped  vials  (Pierce  Chemical  Co.).  Soil-gas 
samples  were  taken  with  a  manual  air-sampling  pump 
(National  Draeger  Inc.)  through  a  stainless  steel  scil-gas 
sampling  probe  used  in  an  earlier  study  (Kerfoot  and 
Barrows  1987).  Detector  tubes  (Draeger)  with  adetection 
range  of  0.0 1  to  0.3  percent  by  volume  and  a  precision  of 
10  to  IS  percent  relative  standard  deviation  for  a 
1000  cm^  sample  (Draeger  1976)  were  used  for  soil-gas 
carbon  dioxide  (COj)  measurements.  A  similar  mea¬ 
surement  approach  has  been  used  for  soil-gas  COj  in  a 
study  of  soil-gas  COj  concentration  in  forest  soiis  (Fer¬ 
nandez  and  Kosian  1987). 

Procedure 

Ground  water  samples  were  collected  from  five  mon- 
itoring  wells  in  the  area  of  the  benzene  and  chlorobenzene 
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Fi|urr  1.  Subturfact  bydro|eolo{>  and  well  locations  at  d-e  study 
site. 

contamination  (well  numbers  641,  643,  645,  647,  649) 
and  from  one  well  outside  that  area  (well  number  631). 
Ground  water  samples  were  pumped  direaly  into  40mL 
vials  and  stored  at  approximately  4  C  until  analysis. 
Ground  water  samples  were  analyzed  for  total  inorganic 
carbon  and  total  organic  carbon  using  an  EPA  procedure 
(Kerfoot  ei  al.  in  press).  Gas  chromatography/ mass 
spectrometry  was  performed  according  to  EPA  Method 
624  (U.S.  EPA  1982).  Table  1  shows  the  benzene  and 
chlorobenzene  concentrations  at  the  site.  Calculations  of 
carbon  dioxide  equilibrium  concentrations  due  to  car¬ 
bonate  species  were  performed  with  equilibrium  con¬ 
stants  for  an  ionic  strength  of  0.7  molal.  Standard  equa¬ 
tions  were  used  to  calculate  CO2  partial  pressures  with 
pKh=  IK  pK„|  =  5.86,  pK^  =8.95,  pK*=  I3.20(Butler 
1982). 


TABLE  1 

benzene  and  Chlorobenzene  Concentrations* 

Benzene 

Chlorobenzene 

Well  No.  Cug/L) 

(Pt/l) 

531 

n.d.** 

n.d.** 

641 

2550 

4520 

643 

3400 

2400 

645 

3820 

5060 

647 

3500 

3600 

649 

1300 

2400 

•Sourer  Kerfoot  and  Barrows  1987 
^Below  detection  limit  of  ICkig  per  liter 


Samples  for  pH  measurement  were  pumped  into 
beakers  and  analyzed  immediately  after  coUeaion.  For 
each  sample,  the  pH  elearode  was  allowed  to  equilibrate, 
and  the  value  recorded  was  that  obliined  when  two 
successive  timed  readings  of  freshly  pumped  sample  were 
identical.  Values  of  pH  listed  are  temperature  compen¬ 
sated  for  the  ground  water  temperatures,  which  ranged 
from  22.2  C  to  23.7  C. 

Soil-gas  carbon  dioxide  measurements  were  taken  at 
locations  6.4  meters  north  of  the  wells.  Sampling  probes 
with  a  void  volume  of  15  cm^  were  hammered  into  the 
ground  to  a  depth  of  1.6  meters  and  the  manual  air 
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samplinc  pump  was  attached.  One  hundred  (100)  cm^  of 
gas  was  drawn  through  the  sampling  probe  to  purge  it 
(Kerfooi  1987).  a  ru^-Ser  nipple  and  detector  tube 
attached,  and  1000  cn.  (at  location  numbers  63 1,649)  or 
800  cm^  (at  location  numbers  641, 643,  645,  647)  of  soil 
gas  w  ?'  drawn  through  the  detector  tube.  TTie  use  of  the 
smaller  volumes  was  due  to  higher  than  anticipated  CO2 
concentrations.  Carbon  dioxide  concentrations  were 
ootuined  by  comparing  the  length  of  color  change  in  the 
tube  to  a  scale  on  the  tube.  The  combined  purge  and 
sample  \olumes  (900  to  1100  cin^)  correspond  to  the 
volume  of  soil  gas  present  in  a  sphere  of  radius  approxi¬ 
mately  13cm  or  less  for  10  percent  air-fillcd  porosity  of 
the  soil.  This  number  provides  a  rough  estimate  of  the 
magnitude  of  penurbations  of  the  soil  gases  caused  by- 
sampling.  Adjacent  to  one  well  (645),  samples  were  taken 
through  two  probes  1  meter  apart  to  obtain  an  estimate 
of  the  precision  of  the  sampling/analysis  system,  includ¬ 
ing  effects  of  local  geologic  variability.  Two  samples  were 
taken  through  one  of  those  two  probes  10  evaluate  the 
within-probe  variability  of  results. 

Results  and  Discussion 

Table  2  lists  the  depth  to  ground  water.  pH.  organic 
carbon,  and  inorganic  carbon  concentrations,  along  with 
the  measured  soil-gas  carbon  dioxide  concentrations  and 
the  carbon  dioxide  concentrations  calculated  from  the 
ground  water  inorganic  carbon  and  pH  values.  Linear 
regression  of  the  soil-gas  carbon  dioxide  concentrations 
on  the  ground  water  organic  carbon  concentrations 
results  in  a  correlation  coefficient  (r)  of  0.81.  This  indi¬ 
cates  a  linear  soil-gas  correlation  above  95  percent  statis¬ 
tical  sign.'dcance  for  6  data  points  ( McGhee  1985).  Car¬ 
bon  dioxide  concentrations  of  two  samples  from  the 
same  probe  (645A)  were  0.35  percent  and  0.37  percent, 
while  the  result  I  meter  away  (645B)  was  0.35  percent. 

Assuming  the  data  from  near  well  631  represent 


background  ground  water  inorganic  carbon  and  soil-gas 
COj  concentrations,  increased  soil-gas  carbon  dioxide 
correlates  well  with  organic  contamination  of  ground 
water  at  this  site.  There  is  a  general  correlation  between 
ground  water  inorganic  carbon  and  organic  carbon  con¬ 
centrations  (r=0.98,  n=6).  This  finding  is  in  agreement 
with  several  observations  of  increased  ground  water 
inorganic  carbon  concentrations  due  to  subsurface  oxi¬ 
dation  of  organic  material  (Bishop  et  al.  1966,  Haas  et  al. 
1983,  Krauskopf  1967,  Matthess  1982).  Carbonate  min¬ 
erals  in  the  aquifer  are  not  the  source  of  variations  in  the 
measured  carbon  dioxide  concentrations  (Krauskopf 
1967)  because  the  aquifer  materials  are  consistent 
throughout  the  sampling  locations  (Soil  Conservation 
Service  1985)  and  a  mineral  source  of  dissolved  inorganic 
carbon  would  result  in  a  marked  rise  in  pH  along  with 
dissolved  organic  carbon,  which  is  not  the  case  (see 
Table  2).  The  fact  that  the  pH  at  the  well  with  the  lowest 
dissolved  inorganic  carbon  concentrations  (63 1 )  is  higher 
than  at  the  well  with  the  highest  dissolved  inorganic 
carbon  concentration  (645)  is  evidence  for  a  source  of 
inorganic  carbon  other  than  carbonate  minerals. 

A  number  of  faaors  could  have  contributed  variabil¬ 
ity  to  the  observed  correlations.  Because  we  did  not 
pcrfoim  a  total  charanerization  of  the  organic  ground 
water  contaminants  present,  it  is  possible  that  varying 
comnbutions  to  the  measured  organic  carbon  ground 
water  concentrations  occurred  from  organi '  compounds 
that  are  not  susceptible  to  subsurface  oxidation.  Also, 
soil-gas  samples  were  taken  at  a  constant  depth  below  the 
ground  surface  and  not  at  constant  depths  above  the 
water  table  or  at  depths  equal  to  a  consta-ii  fraction  of 
the  vadose  zone  thickness.  In  addition,  at  the  lower 
concentration  locations  the  relative  magnitude  of  the 
contributions  of  plant  respiration  to  the  s<  il-gas  CO2 
concentrations  could  be  substantial. 

In  earlier  studies  at  this  site,  benzene  and  chloroben¬ 
zene  were  found  to  be  absent  from  soil  gasi  s  overlying 


TABLE  2 

Ground  Water  and  Soil-Gas  Data 


Ground  Water  Soil-^u 


Depth 

Organic 

Inorganic 

Measured 

Calculated 

to  GW 

Carbon 

Carbon 

Soil-Gas 

Eq-jjJibrium 

Well* 

(m) 

pH 

(mg/L) 

(mg/L) 

COj  (%) 

COi(%)'> 

631 

5.5 

7.10 

2.52 

40.8 

0.09 

0.6 

641 

2.4 

6.95 

13.02 

76.0 

0.45 

1.6 

643 

2.2 

7.08 

12.27 

lU 

0.32 

1.2 

645A<^ 

2.8 

7.02 

14.79 

76.8 

0.36“ 

1.4 

6458^^ 

2.8 

7.02 

14.79 

76.8 

0.35 

1.4 

647 

2.7 

6.98 

12.54 

73.6 

0.41 

1.5 

649 

2.9 

7.20 

9.20 

57.9 

0.10 

0.7 

•Well  numbers  indicate  position  on  e«st-we:t  ordinate  in  32-meter  (l(X)  foot)  increments 
^Calculated  from  dissolved  inorganic  carbon  and  pH  measurements  for  ionic  strength  of  0.7  molal 
'  Probes  separated  by  I  meter 
•^Mean  of  duplicate  samples  of  0.359c  and  0.379c 
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high  conceniraiions  of  these  compounds  in  the  ground 
water  (Kerfoot  and  Barrows  1987,  Kcrfoot  and  Mayer 
1987).  Both  benzene  and  chlorobenzene  have  been  shown 
to  undergo  aerobic  biooxidation  in  laboratory  simula¬ 
tions  of  aquifer  conditions  (Bishop  et  al.  1966.  Jamison  et 
al.  1976,  Kobayashi  and  Riitman  1982).  Although  the 
data  obtained  from  the  study  descnbed  here  do  not  prove 
a  relationship  between  ground  water  dissolved  organic 
carbon  and  soil-gas  carbon  dioxide  concentrations,  they 
show  a  correlation  at  this  site  that  is  consistent  with 
subsurface  hydrocarbon  oxidation. 

Because  rapid  biooxidation  of  organic  compounds 
has  been  observed  for  very  low  volatility  compounds 
(Wilson  et  al.,  1985)  it  is  anticipated  that  this  technique 
may  be  of  value  for  application  in  cases  where  conven¬ 
tional  soil-gas  surveying  can  be  of  only  limited  utility  due 
to  lew  volatility  of  contaminants  (e.g..  Jet  A  fuel,  diesel 
fuel,  heating  oils)  and  their  tendency  to  undergo  suosur- 
face  oxidation.  Carbon  dioxide  monitoring  could  also  be 
used  as  a  quality  control  procedure  to  detect  possible 
false  negatives  obtained  from  routine  soil-gas  surveying 
for  volatile  organic  compounds  prone  to  subsurface  oxi¬ 
dation.  In  addition,  the  technique  may  serve  as  a  means 
for  differentiating  between  non-aqueous  petroleum  liq¬ 
uids  contamination  havnog  very  limited  oxygen  or  water 
supply  and  thus  limited  COj  produaion,  and  dissolved 
fuel  contamination  where  the  availability  of  water  allows 
COj  production  from  dissolved  hydrocarbons.  Funher 
development  of  the  technology  to  test  its  applicability- 
under  different  geohydrologic  and  meteorologic  condi¬ 
tions  and  for  different  contaminants  and  cotitaminant 
concentrations  is  required  before  it  can  be  applied 
generally. 

Notice 

Although  the  research  described  in  this  article  has 
been  supponed  by  the  United  Slates  Environmental  Pro¬ 
tection  Agency  under  contract  68-03-3245  to  LEM  SCO. 
it  has  not  been  subjeaed  to  Agency  review  and  therefore 
does  not  necessarily  reflect  the  views  of  the  Agency  and 
no  official  endorserhem  should  be  inferred. 
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HOTE:  Methods  P4 ,  Q4 ,  and  R4  did  not  include  spikes  of  3u-Sn  or 

Bu2Sn,  therefore  there  are  no  recovery  data  from  these  methods  for 
these  tvo  coapoonds . 
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SOLVENT.  STSmi 

K4 

SOS  Acetic 

NaCl 

MeOH/Hexane/Tropolone 

L4 

Cone.  Acetic 

NaCl 

MeOH/Hexane/Tropolone 

M4 

SOS  Perchloric 

NaCl 

MeOH/Hexane/Tropolone 

N4 

Cone.  Perchloric 

NaCl 

MeOH/Hexane/Tropolone 

04 

None 

NaCl 

MeOH/Hexsme/Tropolone 

P4 

20S  Hydrochloric 

CaC12 

MeOH/Hexane/Tropolone 

Q4 

SOS  Hydrochloric 

NaCl 

Et  he  r /Tr  oi>o  1  one 

24 

5CS  Hydrochloric 

NaCl 

Toluene/Tropolone 

S4 

SOS  Hydrochloric 

NaCl 

Ether/Toluene/Tropolone 

T4 

50S  Hydrochloric 

NaCl 

Ether/Toluene/Tropolone* 

04 

SOS  Hydrochloric 

NaCl 

Hexane/Ether/Toluene/Tropolone* 

*  Successive  extractions  with  these  tropolone-containing 
solvents,  as  opposed  to  being  mixed-solvent  systems  (as  in 
methods  K4  through  S4 ) . 
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Presenteu  to  the  DOD  Biotachnology  Work  Group,  Monterey,  California, 
22  February  1909  . 


A  Field  and  Modeling  Study  of  Enhanced  Oxidation  of  Chlorinated  Aliphatic 
Compounds  by  Me thano trophic  Bacteria 

Lewis  Semprinl,  Gary  D.  Hopkins.  Paul  V.  Roberts,  and  Perry  McCarty, 
Department  of  Civil  Engineering,  Stanford  University, 

Stanford,  California  94305. 


INTRODUCTION 

The  in- situ  bioremediation  of  aquifers  contaminated  with  halogenated 
compounds,  cocaoaly  used  as  solvents,  is  a  promising  alternative  in  the 
efforts  to  protect  groundwater  quality.  This  paper  presents  the  results  of  a 
field  demonstration  at  tne  Moffett  Naval  Air  Station,  Mountain  View  CA,  that 
evaluated  the  feasibility  of  in-situ  biodegradation  of  trichloroethylene 
(TCE) ,  cls-and  trans- 1 , 2-dichloroethylene  (cis-DCE,  trans-DCE)  and  vinyl 
chloride  (VC). 

Th«i  method  tested  is  an  aerobic  process  that  relies  on  the  ability  of 
methanotrophlc  bacteria  to  degrade  the  chlorinated  aliphatics  as  secondary 
subscrf>*'es .  Wilson  and  wilsoii  (1985)  demonstrated  the  oxidation  of  TCE  to  COn 
in  a  methane-ucillcing  soil  column.  In  laboratory  mixed  culture  studies  Fogel 
et  al.  (1986)  and  Henson  at  al.  (1988)  fouiid  a  range  of  double  and  single 
bonded  chlorinated  compounds  were  d*  graded  by  methane-utilizing  bacteria.  The 
field  investigation  was  undertaken  to  determine  if  an  indigenous  pcpulation  of 
methane -utilizing  bacteria  could  be  stimulated  under  real  aquifer  conditions, 
and  to  quantify  enhanced  hiotran.'jfcrmatlon  of  a  range  of  chlorinated  organics. 

.An  understanding  of  key  microbial  and  transport  processes  is  required  in 
designing  and  performing  the  experiments.  Information  on  the  transport 
processes  of  advectlon,  dispersion,  and  sorption  was  obtained  in  tracer 
experiments.  Sorption  of  the  chlorinated  organics  onto  aquifer  solids  was 
also  investigated  in  laboratory  studies.  Basic  microbial  processes  were 
studied  in  detail  In  laboratory  experiments.  A  mathematical  model  that 
incorporated  these  key  processes  was  adapted  to  simulate  the  iii-situ 
blotransfomatlcn  process.  Results  of  both  the  field  and  modeling  studies 
will  be  presented. 

EXPERIMENTAL  METHODOLOGY 

The  pilot  scale  tests  were  performed  in  a  shallow,  semi-confined  aquifer 
consisting  of  sands  and  gravels  (Semprlni  et.  al. ,  1988).  The  expcrii^ents 
ware  performed  as  a  series  of  stitiulus-response  tests,  where  tho  stimulus  was 
the  injection  of  chemicals  In  interest  into  the  test  zone,  and  tho  vasronse 
was  measured  as  chemical  concentrations  at  observation  wells.  Experiments 
were  performed  'under  Induced- gradient  conditions  created  by  Injecting 
groundwater  amended  with  the  chemicals  of  interest  into  a  fully  penetrating 
injection  well,  and  extracting  at  a  fully  penetrating  extraction  well  located 
six  meters  away.  Observation  wells  were  located  in  between  at  spacing  of  1, 


2.2,  and  3.8  meters  from  the  extraction  well.  The  chemical  concentrations  of 
the  injected  and  extracted  fluids,  and  Che  three  monitoring  wells,  were 
measured  using  an  automated  data  acquisition  and  control  .system  located  at  the 
field  site.  The  system  continuously  monitored  samples  for  DO  and  methane, 
bromide  as  a  conservative  tracer,  and  the  chlorinated  aliphatics  of  interest. 

A  complete  analysis  was  obtained  every  45  minutes,  yielding  eight  analyses  at 
each  sampling  location  per  day. 

.MODEL  DESCRIPTION 

A  non-steady-state  biotransfromation  model  was  developed  that 
incorporated  key  microbial  and  transport  processes  determined  in  the 
laboratory  and  field  experiments.  Monod  kinetics  were  used  to  model  microbial 
growth,  utilization  of  methane  as  an  electron  donor,  and  oxygen  as  an  electron 
acceptor.  A.  dual -term  formulation  was  used,  in  which  either  methane  or  oxygen 
could  limit  microbial  growth.  The  microbes  were  assumed  to  be  present  as  an 
attached  shallow  biof ilm , i . e . ,  substrate  concentrations  in  the  biofilm  are 
assumed  equal  to  the  local  concentrction  in  the  pore  water.  Adveetion  and 
dispersion  were  modeled  as  1-D  uniform  flow,  based  on  the  results  of  tracer 
tests  and  2-D  simulations.  Biocransformation  kinetics  were  modeled  using  a 
competitive  Inhibition  model,  based  on  laboratory  and  field  results,  where 
rates  were  inhibited  by  the  presence  of  methane.  Sorption  and  desorption  of 
the  chlorinated  organics  onto  the  aquifer  solids  was  modeled  using  a  first 
order  kinetic  model,  which  was  also  selected  based  on  the  laboratory  and  field 
results.  The  resulting  set  of  non-linear  partial  different!-  equations  were 
solved  numex'ically ,  by  finite  differencing  the  spatfal  derivatives,  and 
numerically  integrating  the  resulting  set  of  ordinary  differe»'tial  equations. 

RESULT, S  OF  THE  FIELD  AND  MODELING  STUDIES 

The  field  experiments  were  performed  over  a  three  year  period.  The 
first  year's  experiments  included  bromide  tracer  tests  to  characterize 
advective-dispersive  transport,  Initial  biostimulation  of  a  me thano trophic 
biomass,  and  initial  studies  of  TCE  transformation.  Figure  1  shows  the  field 
observations  and  model  simulations  of  the  methane  and  DO  response  at  the  S2 
observation  after  the  Introduction  of  methane  and  DO.  The  good  match  between 
the  model  and  the  fi  _d  results  indicates  the  basic  processes  included  in  the 
model  represent  those  occurring  in  the  field.  The  model  also  simulates  the 
transient  response  that  resulted  from  the  initiation  of  the  injection  of  4  and 
8  hr  alternate  pulses  of  methane  and  DO,  respectively.  The  long  pulses  were 
started  in  order  to  keep  methane  and  oxygen  separated  near  the  injection  well, 
while  mixing  through  dispersive  processes  in  the  test  zone.  Model  simulations 
indicated  that  pulsing  distributed  the  microbial  growth  over  a  larger  region 
around  the  injection  well  and  minimized  excessive  local  growth  that  can  lead 
to  clogging. 

In  the  second  and  third  season's  of  field  testing  the  chlorinated 
organics  were  added  to  the  test  zone  before  it  was  biostimulated.  In  the 
second  year,  trans-DCE,  cis-DCE,  and  TCE  were  continuously  injected,  while  in 
the  third  year  vinyl  chloride  (VC)  was  also  injected.  In  both  years  nearly 
complete  breakthrough  of  the  organics  was  observed,  before  the  test  zone  was 
biostlmulatfcd,  indicating  limited  transformation  due  to  abiotic  or  biotic 
processes.  Upon  addition,  methane  and  DO  were  observed  to  be  rapidly  con.suaed 
with  essentially  no  lag,  indicating  that  methanotrophs  previously  stimulated 
were  still  present  in  the  test  zone  to  initiate  uptake.  In  order  to  achieve 


model  maCches  to  the  transient  uptake  of  DO  and  methane  a  much  higher  initial 
microbial  mass  in  the  test  zone  was  required  compared  to  the  first  year's 
simulations  shown  in  Figure  1. 

A  comparison  of  model  simulations  of  the  degradation  of  VC,  trans-DCE, 
and  cis-DCE  in  the  third  season  are  shown  in  Figure  2.  The  rapid  decrease  in 
concentration  of  the  chlorinated  organics  in  response  to  the  initiation  of 
methane  and  DO  directly  demonstrates  biotransformation  in  response  to 
biostimulation.  In  order  to  simulate  the  rate  of  VC  transformation  shown  in 
Figure  2,  the  second  order  rate  coefficient  was  approximately  lialf  that  of 
methane,  while  TCE  (not  shown)  rate  was  approximately  two  ordar.s  of  magnitude 
lower  than  methane.  Simulations  for  the  observation  well  closest  to  the 
injection  well  Indicated  oscillations  in  VC  and  trans-DCE  concentrations,  that 
were  positively  correlated  with  methane  concentration,  could  be  explained  by 
competitive  inhiibition  kinetics  and  kinetically  limited  sorption-desorption 
from  the  aquifer  solids. 

The  extents  of  transformation  after  about  400  hrs  were;  VC  >  93%,  trans- 
DCE  >  90%,  cis-DCE  >  45%  and  TCE  about  20%.  Similar  observed  and  simulated 
responses  and  degree.*;  of  transformations  were  obtained  for  trans-DCE,  cis-DCE, 
and  TCE  in  the  second  year's  test. 

The  rate  parameters  used  for  methanotrophic  growth,  methane  utilization, 
and  transfoi'mauion  of  the  halogenated  organics  were  in  good  agreement  with 
published  values  and  with  results  of  our  laboratory  studies.  The  solid-water 
partition  coefficients  as  well  as  the  first  order  rate  parameters  for  transfer 
between  phases  generally  agreed  with  values  determined  in  our  batch  laboratory 
studies . 

The  results  of  this  work  provide  a  quantitative  foundation  for  design  of 
aquifer  restoration  operations  based  on  aerobic  biotransformations  by 
methanotrophic  bacteria.  The  effectiveness  of  such  treatment  was  shown  to  be 
tlie  greatest  for  vinyl  chloride  among  Che  halogenated  alkenes  studied.  A 
mathematical  model  that  incorporates  key  microbial  and  transport  processes 
accurately  simulates  the  transient  response  of  the  system  to  enhancea  in-situ 
biotransformation.  Models  of  this  type  will  be  of  much  use  in  the  design  of 
restoration  systems, 
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ABSTRACT 


The  in-«icu  remediation  of  aquifers  contaminated  with  halogenated 
aliphatic  conpounda,  commonly  Joiown  in  water  supply  at  chloiinated 
solvents,  is  a  promisinq  altamativa  in  efforts  to  protect  groundwater 
quality.  Biotransformation  of  the  contaminants,  by  (enhancing  an 
indigenous  microbial  population  capable  of  degrading  the  contaminants, 
has  potential  as  an  effective  method  for  in-situ  treatment. 

This  report  presents  the  experimental  methodology  and  the  initial 
results  of  a  field  experiment  evaluating  the  feasibility  of  in-situ 
biotransformation  of  TCE  and  related  compounds.  The  method  being 
tested  relies  on  the  experimentally  proven  ability  of  mothane  fed  mixed 
cultures  of  bacteria  to  degrade  these  contaminants  to  stable,  non-toxic, 
end  products.  Controlled  experiments  are  performed  in  the  subsurface  in 
the  presence  and  eUssence  of  biostimulation  to  evaluate  the  degree  of 
biodegradation. 

The  field  aita  is  located  at  the  Moffett  Naval  Air  Station, 

Mountain  View,  Ca.  The  test  zone  is  a  shallow,  confined  aquifer 
composed  of  coarse  qrained  alluvial  sediments.  The  test  zona  has  the 
following  favorable  characteristics:  1)  high  transniasivity,  2)  an 
inorganic  chemistry  that  will  not  inhibit  aerobic  microbial  growth,  3) 
a  background  contamination  with  chlorinated  solvents,  and  4)  the 
presence  of  methane-oxidizing  bacteria.  To  create  the  test  zone,  sn 
eirtraction  well  and  injection  wells  were  installed  six  meters  apart, 
with  three  intermediate  monitoring  wells.  A  real  time  automated  data 
acquisition  and  control  system  was  developed  which  continuously 
monitors  the  concentrations  of  halogenated  organic  compounds,  methane, 
oxygen,  and  bromide  as  a  conservative  tracer. 

Bromide  and  TCE  transport  experiments  were  performed  under  Induced 
flow  conditions  before  the  test  zone  was  biostimulated.  The  bromide 
tracer  texts  indicated  hydraulic  residence  times  on  the  order  of  0.5 
to  2  days  between  the  injection  well  and  the  observation  and  extraction 
wells.  TCE  was  observed  to  be  retarded  compared  to  bromide,  due  to 
sorption  onto  the  aquifer  solids.  Mass  balances  indicated  that  the 
injected  TCE  was  recovered  at  the  extraction  well  to  the  same  extent  as 
bromide,  indicating  little  transformation  of  TCE  befora  biostimulation. 

Biostimulation  of  the  test  zone  was  achieved  by  injecting 
groundwater  containing  methane  and  oxygen  in  alternating  pulses. 

Complete  methane  utilization  was  observed  within  a  few  weeks,  confirming 
the  presence  of  Indigenous  methanotrophic  bacteria.  By  using  pulse 
cycles  of  8  to  12  hours,  the  biogrovth  was  distributed  in  the  test 
zone,  preventing  biofouling  of  the  area  close  to  the  injection  well. 

Under  the  influc.ncs  of  active  biostimulation  approximately  20  - 
30%  of  the  TCE  was  degraded  within  2  mstert  of  travel  in  the  test 
zone,  corresponding  to  the  zone  of  methane  utilization.  The  limited 
transformation  most  likely  results  from  1)  a  slow  rate  of  degradation 
due  to  the  high  degree  of  chlorination  of  the  TCE  molecmla,  and  2)  the 
limited  enhancement  of  methane-utilizing  population  due  to  the  limited 
quantity  of  methane  and  oxygen  injected  under  saturated  conditions. 
Laboratory  experiments  indicate  compounds  which  are  less  chlorinated 
(i.«  vinyl  chloride  end  cis-and  trans-OCE)  are  degraded  more  rapidly 
^.an  TCE.  In  the  second  phase  of  field  testing  the  blotransforsation 
of  several  of  these  compounds,  along  with  TCE,  will  be  evaluated. 
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Barbara  Wilson,  Joseph  Kaely  (now  at  the  Oregon  Graduate  Canter) ,  and 
Burt  Bledsoe. 

At  Stanford  Perry  McCarty  and  Dunja  Grbic-Galic,  co-principal 
investigators  involved  in  laboratory  aspects  of  the  project,  have 
provided  valuable  input  to  the  field  project.  Barton  Thenpson,  a  recant 
graduate  (now  with  the  EPA) ,  made  significant  contributions  to  the 
development  and  characterization  of  the  field  site.  Also  assisting  were 
Wiliam  Ball,  Christoph  Buehler,  Costas  Chrysikopoulos,  Helen  Dawson, 
Meredith  Durant  (now  with  the  Hewlett  Packard  Corp.),  Thomas  Harmon, 
Susan  Henry,  Robert  Johns,  Nancy  Lanzarone,  and  Kevin  Mayer. 

Although  the  information  described  in  this  report  has  been  funded  in 
part  by  the  D.S.  Environmental  Protection  Agency  under  Assistance 
Agreement  CR-812220  to  Stanford  University,  it  has  not  been  subjected  to 
the  Agency's  req'jlrnd  peer  and  administrative  review  and  therefore  docs 
not  necessarily  rcflact  the  views  of  the  Agency  and  no  official 
endorse' .ent  should  be  inferred. 
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SECTION  I 


INTRODUCTION 


Tha  In-situ  rasadiation  of  aqulfars  cantaminatad  with  haici^anated 
aliphacic  contaminants,  commonly  Jcnovn  in  vatar  supply  as  chlorinated 
solvents,  is  a  promising  altamativa  in  efforts  to  protaet  groundwater 
qpiality.  Chlorinatad  aliphatic  cosipounds  ara  fraquantly  obsarvad  in 
groundwatar.  In  a  survay  of  945  watar  supplias,  Kastrick  at  al.  (1S84) 
found  trichloroathylana  (TCE) ,  tatrachloroathylana  (PCS),  cls"  and/or 
trans-l,2-dichloroathylana  (DCE) ,  and  1, 1-dichloroathylana  to  ba  tha 
most  fragijantly  appearing  compeunds  other  than  trihalomathanas . 
Approaches  for  tha  raatoraticn  of  aquifers  eontasinatad  by  thasa 
compounds  based  on  extracting  tha  contaainatad  groundwater  by  ptmping 
and  subsequently  treating  at  tha  surface  have  bean  shown  to  ba 
affective,  but  often  entail  great  expense  and  also  a  risk  of  transfer¬ 
ring  tha  contaminants  to  another  medium,  i.e.,  tha  atmosphere.  To 
circumvent  thasa  dif ficultias,  in-situ  treatment  of  the  contaminants  has 
coma  to  ba  censiderad  a  potentially  favorable  alternative,  with  inves¬ 
tigations  centering  on  promoting  biotransformation  of  tha  contaminants. 

Our  group  at  Stanford  University  is  assessing  under  field 
conditions  tha  capacity  of  native  microorganisms,  i.a.,  bacteria 
indigenous  to  tha  subsurface  environmant,  to  mataboliza  baloganated 
synthetic  organic  contaminants,  when  proper  conditions  ara  provided  to 
enhance  microbial  growth.  Specifically,  tha  growth  of  a  consortium  of 
methane-utilizing  bacteria  is  being  etimulatad  in  a  field  situation  by 
providing  ampla  supplies  of  dissolved  methane  and  oxygen.  Under 
biostimulation  conditions,  tlie  transformation  of  rwprssantativa 
haloganatad  organic  contaminants,  sreh  as  trichloroathylana  ("XX) ,  is 
assaased  by  means  of  controlled  addition,  frequent  sampling, 
quantitative  analysis,  and  mass  balance  co^arisons. 

The  field  demonstration  study  is  being  conducted  at  Moffett  Naval 
Air  station.  Mountain  View,  CA,  with  tha  support  of  the  Kerr 
Environmental  Research  Laboratory  of  the  D.5.  Environmental  Protection 
Agency,  and  with  the  cooperation  of  tha  U.S.  Navy.  To  provide  guidance 
for  and  confirmation  of  tha  field  work,  laboratory  ceperimants  end 
analyses  are  also  being  conducted,  both  at  Stanford  University's  Hater 
Quality  Control  Rescar^  Laboratory  and  at  the  Kerr  Laboratory. 

This  report  summarizes  the  sxperlmantel  approach  taken  in  the 
field  study,  the  characterization  of  the  test  zone  before  tha 
initiation  of  tha  evaluation  experimante,  and  the  results  of  the  first 
phase  of  tha  field  evaluation. 


BACKGROUND 

Tha  in-situ  restoration  of  aquifers  contaainatad  with  hydrocarbons  is 
not  s  new  idee.  Raymond  (1974)  pioneered  the  development  of  the 
process  for  tha  in-situ  reclamation  of  aquifsrs  contaminated  by  liquid 
fuels.  This  work  indicated  that  after  promoting  the  proper  conditions 
in  the  euhstirface  (i.e  by  the  addition  of  oxygen  and  nutrients),  a 
native  population  of  microorganisms  wee  stisaleted  that  degraded  tha 
hydrocarbon  contaminants.  Tha  microorganisas  used  the  hydrocarbon 
contaminants  as  eubatratee  for  growth. 


In-situ  biorestoration  of  atjuifers  contaminated  by  halogenated 
aliphatic  compounds  requires  a  somewhat  different  approach,  since  in 
most  cases  the  halogenated  aliphatic  compounds  can  not  be  utilized  by 
native  microorganisms  as  primary  substrates  for  growth.  However,  they 
can  be  degraded  as  secondary  substrates  by  microorganisms  which 
utilize  another  primary  substrate  for  growth.  The  in-situ  degradation 
of  these  compounds  is  therefore  promoted  by  the  stimulation  of  a 
particular  class  of  native  microorganisms  through  the  introduction  of 
the  appropriate  primary  substrate  for  growth  (electron  donor)  and 
electron  acceptor  into  the  treatment  zone. 

The  method  being  evaluated  relies  on  the  transformation  of  the 
chlorinated  aliphatic  compounds  by  methane-utilizing  bacteria 
(methanotrophs) .  These  bacteria  grow  on  methane  as  a  sole  carbon  source 
under  aerobic  conditions.  The  chlorinated  aliphatic  compounds  are 
thought  to  be  transformed  by  the  methane  monooxygenase  enzyme,  an  enzyme 
with  a  broad  range  of  specificity,  that  is  produced  by  the 
methanotrophic  bacteria. 

The  transformation  has  been  demonstrated  in  laboratory  studies  using 
soil  columns  and  mixed  cultures.  In  experiments  performed  in  an 
unsaturated  soil  column  with  an  atmosphere  of  0.6%  natural  gas  and  air, 
Wilson  and  Wilson  (1985)  found  microorganisms  ware  stimulated  which 
degraded  TCS  fairly  completely  to  carbon  dioxide  and  cell  material. 

Fogel  et  al.  (1986)  using  mixed  cultures  of  methane-oxidizing  bacteria 
found  TCE,  vinyl  chloride,  vir.ylidene  chloride,  and  cis-  and  trans-l,!- 
dichloroetl.ylene  to  be  rapidly  degraded.  Henson  et  al.  (1987)  found  a 
range  of  both  single  and  double  carbon  compounds  to  be  degraded  by  mixed 
cultures.  The  rate  of  transformation  was  reported  to  be  faster  the  less 
substituted  the  molecule  with  chlorine  atoms  end  the  more  evenly 
distributed  the  chlorines  on  the  molecule. 


RESEARCH  OBJECTIVES 

The  overall  objective  of  this  work  is  to  assess  the  efficacy  of  a 
the  proposed  nethod  for  enhancing  the  In-situ  degradation  of  the 
halogenated  aliphatic  compounds.  The  specific  objectives  of  the  field 
study  are: 


1)  To  demonstrate  whether  the  proposed  method  of  promoting  the 
microbial  decompoaition  of  trichloroethylene  end  related  compounds  is 
affective  under  controlled  experiments  performed  in-aitu,  in  an  aquifer 
representing  conditions  typical  of  groundwater  environments; 

2)  To  quantify  the  rate  of  decomposition  and  to  identify 
intermediate  transformation  products,  if  any;  and 

3)  To  bracket  the  r  nga  of  conditions  under  which  the  method  is 
affective,  and  to  establish  criteria  for  dependable  treatment  of  a 
real  contamination  incident. 


SECTION  2 


CONCLUSIONS 

This  rsports  sumnarizss  'ths  rssults  of  tha  first  phasa  of  the 
fiald  axperioantation  avaluating  in-situ  aathodologias  for  the 
restoration  aquifers  contasinatad  vith  haloganated  aliphatic 
compounds.  Tha  conclusions  which  can  be  drawn  from  thasa  results  are 
as  follows: 

1)  In  order  to  craata  a  test  zona  in  tha  subsurface  in  which 
controlled  arpericsnts  can  ba  conducted,  detailed  characterization 
of  the  zona  anist  ba  perforaed,  including: 

a)  hydrogeology  of  the  test  zona  baned  on  coring,  vail  logs, 
pusp  tests,  piazoaatric  aaasursaants  and  published 
information  on  tha  local  arsa; 

b)  groundwater  chamistry,  including  both  aajor  and  minor 
inorganic  compounds  and  traca  organic  compounds; 

c)  aquifsr  solids  snalysis  for  microbial  activity  and 
sorption  benavior  of  salacted  organic  solutes;  and 

d)  hydraulics  based  on  natural-gradient  and  induced-flow  tracer 
tests. 

2)  The  real  time  automated  data  acquisition  and  control  system  which 
was  developed  permits  frsguenc  sampling  and  rsproducible  analyses 
which  ara  rsquirad  for  avaluation  exparimarta  of  this  type. 

3)  Tracer  experiments  provide  valuable  Information  on  tha  tast  zone, 
including  hydraulic  raaidanca  times,  dispersion,  tha  degree  of 
capture,  and  the  retardation  of  TCS  compared  to  bromide  due  to 
sorption  on  the  aquifer  solids.  Ths  tracer  teetn  were  found  to 
be  quite  reproducible,  which  was  required  for  the  systematic, 
objective  comparisons  with  the  biostisulation  results.  Tracer 
tests  before  bioetimulation  indicated  little  transformation  of  TCE. 

4)  Indigenous  methana-oxidizing  bacteria  wars  easily  stimulatsd  in 
tha  teat  zone  within  a  few  weeks  by  tha  pulsed  addition  of 
methane  and  oxygen.  No  nutrient  addition  waa  required  to  stimulate 
growth.  Rapid  growth  kinetics  wore  observed,  with  the  microbial 
population  increasing  near  the  injection  well  such  that  all  the 
methane  was  consumed  within  1  meter  of  travel.  Long  pulse  cycles 
of  up  to  12  hours  were  successfully  used  to  distribute  the 
bacterial  growth,  and  to  prevent  biofouling  of  tha  aquifer. 

5}  Under  active  bioetimulation  conditions,  20  to  30  %  of  the  TCE 
added  to  the  test  zone  was  degraded.  Similar  astimatee  of  tha 
degree  of  degradation  were  obtained  using  maea  balances  and 
comparisons  with  bromide  as  a  conservative  tracer.  Degradation 
occurred  within  the  tast  zone  whers  methane  wee  being  utilized. 


6)  The  limited  degree  of  TCS  transformation  is  attributed  to  the 
following  factors: 

a)  the  high  degree  of  chlorination  of  the  TCS  molecule, 
resulting  in  a  slow  rata  of  oxidation, 

b)  the  limited  uethane-oxidicing  population,  which  can  be 
stimulated  with  the  amounts  of  methane  and  oxygen  that 
can  be  deliver^sd  under  saturated  conditions,  and 

c)  possible  competitive  inhibition  of  TCS  degradation  by 
methane. 

7}  In  tlie  second  phase  of  the  field  evaluation,  other  compounds  which 
are  less  chlorinated,  i.e.  dichloroethylane  isosara,  will  be 
tasted  along  with  TC£.  Experiments  will  be  perfancad  to  determine 
whether  competitive  inhibition  is  on  important  process  and  to 
assess  the  effect  of  the  pulsed  injection  method  on  the  rate  of 
degradation. 
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SZCTION  3 


RECOMKENDATIONS 


The  liaited  deqradat.ion  of  TCZ  observed  during  the  first  phase  of 
the  field  evaluation  eypcriaents  indicates  that  aore  inforaatlon  is 
required  before  this  process  can  be  used  on  a  larger  scale  for 
treataent  of  a  real  contanination  incident.  More  basic  laboratory 
research  and  pilot  scale  testing  in  the  fiald  are  repaired.  Laboratory' 
investigations  should  address  tne  factors  which  affect  the  rate  of 
aerobic  biotransforaation  of  TCE  and  related  compounds.  The  pilot 
scale  field  experimentation  should  determine  whether  the  factors  which 
enhance  transformation  in  the  laboratory  can  be  successfully 
implemented  in  the  field. 

Important  questions  which  must  be  addressed  in  laboratory 
experiments  are: 

1)  Hov  do  the  rates  of  transformation  depend  on  the  structure  of 
the  compound  that  is  being  degraded? 

2)  Do  the  conditions  of  biostimulation  and  aaincenance  of  the 
microbial  population  affect  the  rate  of  transformation  of 
differsnt  compounds? 

3)  Is  there  competitive  inhibition  batween  the  methane  and 
selected  organic  solutes  which  slows  the  rate  of  transformation? 

4)  Does  biostimulation  using  different  primary  substrates  or 
electron  ecoiptors  result  i:)  mere  effective  degradation? 

5)  Is  the  addition  of  minor  nutrients  an  important  factor? 

6)  How  does  the  sorptio::  of  the  organics  onto  the 
aquifer  solids  aiffect  the  rate  of  biodegradation? 


The  pilot  node  field  tests  should  be  continued,  with  new 
axpariments  being  designed  based  on  the  results  of  the  ICLboratory 
investigations.  Tnesc  pilot  scale  tests  will  help  establish 
criteria  for  dependabla  treatment  of  real  contamination  incidents. 
Important  criteria  include;  1)  the  type  of  aquifers  for  which  t.ha 
process  is  best  suited,  2)  the  range  cf  environmental  conditions  in 
which  the  process  may  be  applied,  end  3)  the  most  effective  neans  cf 
blostimulMting  the  aquifer  to  achieve  effective  biotrat^foraatlon. 

Continuing  both  laboratory  and  pilot  scale  field  studies  at  a 
well  characterized  rite  provides  e  basis  for  determining  whet 
information  is  needed  for  the  design  of  in-situ  restoration  schemes  at 
different  eites.  For  instance,  the  comparison  cf  field  and  laboratory 
zasults  will  evaluate  how  successfully  parameters,  which  are  generated 
in  laboratory  studies,  predict  biotcansfor-nation  in  the  field.  If 
paramatera  determined  by  laboratory  studies,  suc.h  as  soil  microcosm 
experiments,  era  of  value,  it  would  provide  a  low  cost  means  of 
obtaining  t.ha  necassar'/  information  to  Implencnt  the  treatment  method 
at  different  sites. 
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Finally,  pilot  studies  which  evaluate  this  process  in  the 
unsaturated  zone  should  be  perforated.  Effective  transformation,  which 
requires  the  stimulation  of  a  large  microbial  population,  may  be 
achieved  by  supplying  ample  quantities  of  methane  and  oxygen.  This 
should  be  easier  in  uhe  unsaturated  zone  compared  to  the  saturated 
zone. 
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SZCTIOM  4 


riELD  EXPERIMENT  METHODOLOGY 


Tha  axpariaantal  aathodology  davalopad  to  aaat  tha  goala  of  tha 
flald  study  is  aa  follows: 

1.  Salact  a  raprasantativa  daaonstratlon  slta  basad  on 
avnilabla  information  lagarding  ragional  hydrology  and 
gaochamistry,  and  considaring  practical  and  institutional 
constraints; 

2.  Charactariza  tha  sita  by  naans  of  coring,  pump  tasts, 
sampling  and  analysis  of  tha  nativa  groundwatar; 

3.  Construct  a  systaa  of  walls  for  Injection,  extraction,  and 
monitoring  of  water  at  tha  sita; 

4.  Design  and  install  an  automated  system  for  sampling  and 
analysis  of  tha  groiuidwatar  at  tha  demonstration  site; 

5.  Determine  tha  velocity  and  direction  of  groundwater  flow 
under  natural  gradient  conditions,  by  means  of  bromide 
tracer  tasts; 

6.  Assess  the  mobility  of  trichloroathylana,  relative  to 
bromide  tracer,  at  the  demonstration  site  and  quantify 
residence  times  in  tha  system  under  Injection/extraction 
conditions; 

7.  Stimulate  the  growth  of  native  methane-oxidizing  organisms 
by  injecting  dissolved  methane  and  oxygen  (biostimulation 
mode) ;  and 

8.  Assess  the  transformation  of  trichloroethylene  under 
biostimulation  conditions. 


This  methodology  provides  a  staged  approach  for  evaluating 
tha  proposed  technology.  The  initial  stages  of  tha  study  (1-5)  focus 
on  selecting  the  field  sita  and  characterizing  its  physical,  chemical, 
microbiological  and  hydraulic  properties.  The  latter  stages  of  the 
experiment  involve  biostimulating  methane-oxidizing  bacteria  in  the 
test  zone  and  evaluating  the  degree  of  transformation  of  a  specific 
contaminant  of  interest. 

Tha  information  obtained  during  tha  early  stages  of  the  experiments 
is  critical  to  tha  auccasa  of  subsequent  evaluation  experiments,  which 
are  dependent  on  tha  ability  to  run  controlled  experiments  in  the 
subsurface.  The  hydraulic  information  obtained  in  pump  tests  and  tracer 
experiments  is  required  in  order  to  design  a  fluid  injection  and 
extraction  systaa  that  creates  an  in-eitu  reaction  zone.  The  chemical, 
physicbl  and  microbiological  characteristics  of  the  test  zone  also 
indicate  whether  favorable  conditions  exist  for  the  biostimulation  of  a 
nativa  population  of  methane-oxidizing  bacteria.  These  data  are 
necessary  in  determining  whether  a  controlled  evaluation  of  tha  proposed 
technology  can  be  performed  at  the  selected  site. 


The  basic  approach  of  the  evaluation  cxperinents  is  to  create  a  test 
zone  in  the  subsurface.  The  conceptual  sodel  for  this  approach  is  shown 
in  Figure  1.  A  series  of  injection,  extraction,  and  sonitoring  wells 
are  installed  within  a  confined  aquifer.  An  induced  flow  field  is 
created  by  the  injection  and  extraction  of  fluid.  The  cheoicals  of 
interest  for  a  specific  experiment  are  metered  into  a  stream  comprising 
10  to  15  percent  of  the  extracted  groundwater  and  then  reinjected.  The 
concentrations  of  the  specific  chemicals  are  monitored  at  several 
locations,  including  the  injected  fluid,  the  three  monitoring  wells,  and 
the  extracted  fluid.  The  spatial  and  temporal  responses  of  tiie 
chemicals  in  the  test  zone  are  determined  by  frequent  monitoring,  using 
an  automated  data  acquisition  and  control  system  located  at  the  site. 


CONFINED 

AQUIFER 


Figure  1.  Conceptual  model  for  the  creation  of  the  subsurface  test  zone. 


The  sequence  of  field  experiments  using  this  approach  is  outlined  in 
Table  1.  The  initial  experiments  study  the  transport  of  bromide  ion  as 
a  conservative  tracer.  The  experiments  determine  fluid  residence  times 
in  the  system,  the  degree  of  dispersion,  and  the  recovery  of  the 
injected  fluid  at  the  extraction  well.  In  later  experiments,  bromide, 
dissolved  oxygen  and  the  chlorinated  aliphatic  compounds  of  interest  are 
injected  simultaneously.  The  retardation  factors  of  the  different 
chemicals  with  respect  to  bromide,  owing  to  sorption,  are  determined. 

The  transformation  of  the  chlorinated  aliphatic  compounds  in  these 
experiments  is  evaluated  based  on  comparisons  with  the  bromide  tracer. 
Two  criteria  are  used:  1}  the  degree  of  steady-state  fractional 
breakthrough  achieved  at  the  monitoring  wells,  and  2)  mass  balances  on 
the  amounts  injected  and  extracted.  These  tracer  experiments  therefore, 
serve  as  pseudo  controls,  permitting  a  comparison  of  the  observed 
responses  before  and  after  the  test  zone  is  biostimulated. 


TABLE  1.  SEQUENCE  OF  EXPERIMENTS  AND  PROCESSES  STUDIED  DURING  THE  FIRST 
PHASE  OF  THE  FIELD  EVALUATION. 


Injected  Chemicals 

Process  Studied 

1) 

Br" 

Advection/Dispersion 

2) 

Br%  Oj 

Retardation/Dispersion 
(TCA  -  Elution) 

3) 

Br“+TCE  +  ©2 

Retardation 
(Traastoraation ) 

*) 

CH^+  O^'t' (nutrients) 

Biostiaulation 

5) 

CH^+  Oj-*' (nutrients)  +  TCE 

Biotranstoraation 

Th*  biostlaulatlon  axperlaants  (Stag*  4)  involv*  th*  addition  of 
aathana,  oxygen,  and  nutrients  (it  required),  to  stiaulat*  the  growth 
ot  aethane-consualr/:?  bacteria  in  th*  test  zone.  The  transient 
response  ot  th*  dii'erent  cheaical  coaponents  is  monitored,  as 
previously  discussed.  This  experiaent  determines:  1)  how  easily  the 
aethane^oxidizing  bacteria  are  stiaulatad  and  whether  nutrients  are 
required,  2}  stoichioaetric  requirements  ot  oxygen  to  methane,  3) 
intoraation  on  th*  kinetics  and  tha  rat*  ot  grm^,  and  4)  th*  areal 
extant  over  which  biostiaulation  is  achieved. 

Th*  degree  ot  biotranstoraation  ot  th*  chlorinated  aliphatic 
compound  (TCE)  is  evaluated  in  the  final  stage  (Stag*  5)  ot  th* 
experiaent.  Known  quantities  ot  TCE  are  introduced  into  the 
biostiaulated  zone  along  with  acthane,  oxygen  and  broaida.  Th*  extent 
ot  transtoraat  ion  ot  TCE  is  determined  based  on  both  aass  balances  and 
steady-state  br -^ikthrough  concentrations  at  aonitoring  points,  compared 
to  those  ot  brer. .de  as  a  conservative  tracer.  The  results  are  also 
compared  with  those  obtained  during  th*  earlier  pseudo-control 
experiments  (Stage!)  before  th*  test  zone  was  biostiaulated. 
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SECTION  5 


SELECTION  AND  OF  THE  CHARACTERIZATION  FIELD  SITE 


FIELD  SITS  DESCRIPTION 

After  a  raconnaleaanca  study  of  aavaral  sites ,  s  location  at  the 
Moffatt  Naval  Air  Station,  Mountain  View,  Ca.,  was  chosen  (Figure  2). 

The  site,  designated  SU-39,  located  on  the  lower  part  of  the 
Stevens  Creek  alluvial  fan  is  approxisataly  3  ka  south  of  the  southwest 
extremity  of  San  Francisco  Bay.  The  surface  elevation  at  the  site 
is  8.5  a  above  aaan  sea  level. 

The  experimental  site  is  located  in  a  region  where  the  groundwater 
is  contaminated  with  several  organic  solutes  for  which  this  biorestoration 
method  might  bo  applied.  The  area  of  groundwater  contamination  shown  in 
Figure  2  represents  the  1  mg/1  TCE  contour  of  the  "A"  Aquifer 
delineated  in  January,  1983  (Canonie  Engineers,  1983).  The  plume 
contains  concentrations  of  1, 1, 1-trichloroethane  (TCA)  and 
trichloroethylene  (TCE)  of  up  to  100  ag/1,  measured  at  points  700  and 
1000  meters  from  the  SU-39  site.  Thus,  it  effective,  the  treatment 
method  may  have  direct  use  in  the  area  where  it  was  evaluated. 


Figure  2.  Location  of  the  field  site,  SU-39,  at  the  Moffett  Naval  Air 
Station,  Motintain  View,  California. 
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GEOIXXSIC  CaiARACTERlSTICS 


Th«  gtalogic  characteristics  of  the  test  sons  have  been  examined 
using  cores  samples  and  well  cuttings.  Figure  3  shows  the  location  of 
the  wells  installed  at  the  test  site  to  date.  A  series  of  exploratory 
wells  (1,31,3,4,5,6)  were  installed  in  July  1985,  using  the  hollow  stem 
auger  drilling  method.  Cores  were  obtained  using  2  inch  pitcher  barrels 
that  were  pushed  ahead  of  the  drill  bit.  The  6  test  drillings 
identified  e  shallow,  confined  aquifer  which  is  known  as  the  "A" 

Aquifer,  the  shallowest  of  several  in  the  region.  Hell  logs  indicate 
the  aquifer  is  approximately  1.2  meters  thick  with  a  top  4.4  to  4.6 
meters  belcw  the  ground  surface;  the  bottom  ranges  from  5.3  to  5.7 
meters  below  the  surface.  The  aquifer  is  confined  between  silt  clay 
layers. 


Figure  3.  Nap  of  the  well  field  installed  at  the  field  site. 


Figure  4  was  constructed  from  the  core  well  logs  of  the  fully 
penetrating  wells  SI,  P,  NX.  Hell  SI  is  the  injection  well  and  P  is  the 
extraction  well  used  in  the  experiments.  The  three  well  logs  have 
similar  lithologic  profiles.  ''v  uppermost  3  ft  consists  of  silty  sand 
with  pebbles  up  to  6  cm  in  diameter.  This  surface  layer  is  \inderlaln  by 
approximately  12  ft  of  silt  and  clay  of  a  brownish-black  to  olive  gray 
color,  indicating  that  the  sediment  contains  organic  material.  The 
bottom  of  this  sequence  is  siarked  by  a  clayey  sand  that  commonly 
separates  the  silt  and  clay  overburden  from  the  underlying  aquifer. 

The  aquifer  consists  of  fine-  to  coarse-grained  sand  and  appears 
well  bedded  in  most  cores.  Gravel  lenses  with  pebbles  up  to  2.5  cm  in 
diameter  occur  in  some  cores  within  the  sand  layers.  Due  to  the 
presence  cf  gravel,  intact  cores  were  difficult  to  obtain.  Cores  were 
often  lost  over  the  depth  interval  from  15.5  to  17  ft  below  the  surface. 
This  zona  is  considered  to  have  the  highest  gravel  fraction. 


Depth  bctoM  ground  iurfoce 
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Figure  4.  Vertical  Baction  of  thB  tB*t  zono. 
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A  layer  of  dark  greenish-gray  silty  clay  underlies  the  aquifer 
(top  at  19  ft  below  the  surface).  While  no  well  was  drilled  through 
this  clay/silt  layer  at  the  project  site,  other  studies  in  the 
vicinity  have  shown  that  this  layer  is  approxiaately  20  ft  thick  and  is 
underlain  by  another  aquifer  (Canonie,  19S3). 

The  particle  size  disrributions  of  aquifer  cores  are  shown  in 
Figure  5.  Core  samples  taken  from  wells  4  and  6  at  a  depth  of  18  ft 
and  17.5  -  18  ft  respectively,  have  sioilar  distributions  of  particle 
sizes,  with  a  large  fraction  of  the  solids  being  coarse  to  medimn 
sands  and  gravel.  The  core  sample  from  well  5  at  a  depth  13.5  -  14  ft 
has  a  greater  fraction  of  fine  sand  and  silt,  which  is  consistent  with 
well  log  observations.  Petrographic  analysis  shows  the  aquifer  solids 
consist  of  rock  fragments  of  the  parent  rock  of  the  Santa  Cruz 
Mountains.  These  include  include  graywackes,  cherts,  and  volcanics  of 
eugeosynclinal  (slope)  origin  (Franciscan  Series). 

The  observations  at  the  test  site  are  consistent  with  geologic 
studies  in  the  region.  The  interlayering  of  coarse  and  fine  sediments 
in  the  Santa  Clara  Valley  results  from  changes  in  sea  level  caused  by 
world-wide  climate  fluctuations  (Atwater,  et  al,  1977).  During  times 
of  high  sea  level  (warm  periods) ,  fine  grained  estuarine  sediments 
were  deposited  in  the  valley,  resulting  in  the  clay  and  silt 
aquitards.  During  times  of  low  sea  level  (glaciation  in  northern 
latitudes) ,  these  sediments  were  covered  by  coarser  grained  alluvial 
deposits  that  form  the  aquifers.  At  the  study  site,  the  aquifer 
consists  of  alluvial  sediments  deposited  during  uie  last  5000  years. 

The  test  zone  appears  to  have  the  structure  of  a  buried  stream 
channel  containing  sand  and  gravel.  This  structure  is  common  in 
alluvial  aquifers  that  are  characterized  by  deposition  from  multiple 
channels  with  constantly  shifting  loci  of  deposition,  resulting  in 
discontinuous  lenses  of  sand  and  gravel  (Press  and  Siever,  1974). 


HYORAXnLIC  CHARACTERISTICS 
Hydraulic  Gradient 

Maps  of  the  regional  piezometzic  surface  of  the  "A"  Aquifer  have 
been  reported  by  Canonie  Engineers  (1983).  Thn  hydraulic  gradient  is 
northward  at  about  4.5  meters  per  kilometer.  Piezometric 
measurements  made  with  the  original  wells  of  the  test  zone,  indicated 
that  the  aquifer  was  confined  with  a  piezometric  surface  2.5  meters 
above  the  top  confining  layer  (  21  ft  above  mean  sea  level)  .  The 
magnitude  and  direction  of  the  gradient  in  the  test  zone  was  in  the 
range  of  regional  values.  The  original  gradient  estimates  had  a  large 
level  of  uncertainty  due  to  the  short  spatial  resolution.  Hells  11, 
12,  13,  installed  in  August  1986,  provide  a  more  accurate  estimate  of 
the  local  gradient  due  to  the  greater  distances  between  wells.  A 
gradient  of  0.0032  in  a  noxrtherly  direction  was  estimated  using  these 
walls. 

Pump,  le££a 

Numerous  pump  tests  were  performed  to  determine  hydraulic 
properties  of  the  aquifer.  The  tests  determined  the  transmissivity, 
which  permitted  estimates  of  the  hydraulic  conductivity  and  the 
natural  gradient  groundwater  velocity.  The  possible  influence  of 
leakiness,  barriers  and  abnormalities  was  also  examined.  Finally,  the 
steady-state  drawdown  was  investigated  in  a  long  term  pump  test. 


The  drawdown  punp  tests  were  perforaed  using  a  SE  200  A  well  test 
device,  obtained  on  loan  from  the  Robert  S.  Xex*r  Environmental 
Research  Laboratory,  USEPA;  Joseph  Xeely  oi  the  Kerr  laboratory 
provided  guidance  in  the  use  of  the  instrument.  The  equipment 
consisted  of  a  central  mini-computer  and  downhole  pressure 
transducers.  During  the  tests,  six  transducers  were  placed  in  the 
wells  (SX,  P,  NX,  PI,  EX,  6} .  Xn  all  but  one  test,  water  was  pumped 
from  well  P  at  a  steady  rate,  while  drawdown  versus  time  was  measured 
in  other  wells.  To  explore  for  directional  variability,  one  test  was 
run  by  extracting  from  well  EX. 

The  pump  tests  were  analyzed  by  standard  methods  as  described  in 
rreeze  and  Cherry  (1979).  A  direct  method  for  calculating 
transmissivity  and  the  storage  coefficient  is  based  on  semi-log  method 
based  on  the  equation  of  Cooper  and  Jacob  (1946).  The  second  method 
used  is  based  on  the  method  of  log-log  type  curve  matching. 

The  log-log  plots  of  drawdown  versus  time  showed  that  the  responses 
matched  type  curves  for  a  leahy  aquifer  (Walton,  1960) .  Freeze  and 
Cherry  (1979)  indicate  that  when  production  wells  are  screened  only  in 
a  single  aquifer  (as  is  the  case  of  the  test  zone  well)  it  is  quite 
usual  for  the  aquifer  to  receive  flow  from  the  adjacent  beds.  Thus 
leakage  through  the  confining  layers  is  likely  occurring  in  region  of 
the  teat  zone.  Matches  were  thereforo  made  to  the  leaky  aquifer  type 
curves. 

The  results  show  good  agreement  between  the  semi-log  method  and  the 
more  rigorous  type  curve  method.  A  semi-log  method  yielded  an  average 
transmissivity  of  12600  gpd/ft.  An  average  value  of  11100  gpd/ft  was 
obtained  based  on  the  type  curve  method.  The  match  method  gave  an 
average  value  of  the  storage  coefficient  of  0.0013  and  an  average  r/L 
value  of  approximately  0.05,  indicating  the  aquitards  are  not  very 
lea)cy.  This  result  may  explain  the  good  agreement  between  the  natch 
method  and  the  semi-log  method,  which  asstines  the  system  is  confined 
system. 

A  summary  of  the  results  of  the  pump  tests  is  presented  in  Table  2. 
The  transmissivity  valusn  were  fairly  reproducible  from  test  to  test. 

The  transmissivity  values  show  no  siqrnificant  differences  based  on  the 
location  of  the  observations  wells  or  the  pumping  well.  Anisotropies  in 
transmissivity  in  the  horizontal  plane  were  not  indicated  by  the  tests. 
However,  a  more  detailed  analysis  of  the  data  is  currently  being 
performed  using  a  computer  code  which  uses  a  non-linear  least  squares 
routine  to  estimate  best  fit  parameters,  for  a  given  solution.  These 
analyses  will  more  accurately  determine  if  anisotropies  in 
transmissivity  exist. 

The  high  transmissivity  results  in  an  estimated  hydraulic 
conductivity  of  100  m/d  (based  on  an  aquifer  thic)cness  of  1.4  meters). 
The  hydraulic  conductivity  is  in  the  range  of  values  given  by  Bouwer 
(1978)  for  coarse  sand  (20-100  m/d),  gravel  (100-1000  m/d)  and  sand- 
gravel  mixes  (20-100  m/d),  which  is  consistent  with  the  aquifer  cores 
as  Indicated  by  the  particle  size  distributions  shown  in  Figure  5. 
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TABLE  2. 


SUIIMAEY  or  THE  PUKP  TEST  RESULTS 


Pump 

Test 

Duration 

(min) 

Rata 

(gpm) 

T(avg)^ 

(gpd/ft) 

K(avg)^ 

(m/d) 

5 

90 

5 

13654 

122 

6 

456 

5 

11272 

101 

7 

495 

5 

9440 

84 

8 

600 

5 

9625 

86 

9 

3471 

4 

11505 

102 

Average 

11100 

100 

etd 

1500 

15 

-  match  to  leaky  aquiter  type  curves 

based  on  an  average  aquifer  thieJeness  cf  1.4  m 


The  long-term  pump  tests  show  that  steady-stats  drawdowns  vers 
achieved,  and  that  the  aquifer  was  capable  of  supplying  water  at  rates 
required  for  the  experiments,  with  less  than  a  1  meter  drawdown  at  the 
extraction  well.  The  long-term  pump  tests  did  not  detect  any  abrupt 
barriers  to  flow. 

The  pump  tests  indicated  that  the  site  had  several  favorable 
hydraulic  features:  1)  high  transmissivity  should  permit  the 
required  pumping  and  injection  of  fluids  into  the  test  zone;  2)  loss  of 
permeability  by  clogging  due  to  biological  growth  or  chemical 
precipitation,  would  be  limited,  due  to  the  original  high 
permeability;  3)  the  aquifer  is  seo.i-confined,  thus  the  test  zone  is 
fairly  well  bounded  in  vertical  direction;  and  4}  the  aquifer  was 
capable  of  supplying  groundwater  at  rates  required  for  thn  experiments 
with  less  than  one  meter  of  drawdown  at  the  extraction  well. 

One  potential  problem  with  the  high  hydraulic  conductivity  is  that  the 
velocity  of  the  groundwater  under  natural  gradient  conditions  is  high. 

A  velocity  of  1  m/d  was  estimated  based  on  the  hydraulic  conductivity 
of  100  m/d,  the  measured  hydraulic  gradient  across  the  field  of 
0.0032,  and  an  estimatwd  porosity  of  0.33.  This  high  groundwater 
velocity  limits  the  control  of  fluid  residence  times,  since  the 
induced  flow  field  must  be  operated  in  such  a  manner  as  to 
overcome  the  natural  flow  in  order  to  assure  capture  of  the  injected 
solutes. 
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chi:mical  characteristics 


Samples  of  the  groundwater  from  the  A-aquifer  were  obtainad  during 
the  pump  test  program  to  determine  the  the  background  concantrations 
of  inorganic  and  organic  components.  The  analyses  provided 
information  on  the  quality  of  the  groundwater  in  the  area  of  the  test 
zone  and  determined  whether  the  aquifer  was  contaminated  with 
chlorinated  aliphatics  of  interest. 

In.g,i.a.fln,ii^.C,sinpo5  itign 

Table  3  presents  the  major  aniens  and  cations,  along  with  other 
parameters.  The  charge  balance,  as  well  as  the  measured  and  calculated 
TCS,  indicate  that  all  of  the  major  ions  have  baan  identlfiad.  The  major 
cations  in  decreasing  milliequilavent  concentrations  ara  as  follows: 
calcium  >  magnesium  >  sodiiim  >  potassium.  The  major  anions  ara,  in 
declining  order:  sulfate  >  bicarbonate  >  chloride  >  nitrate.  The 
groundwater  hardness  is  920  mg/1,  based  on  the  calcium  and  magnesium 
concentrations,  and  would  be  classified  as  very  hard  water. 

Bicarbonate  is  the  major  form  of  alkalinity  at  the  measured 
groundwater  pH  of  6.5.  The  dissolved  oxygen  content  of  the 
groundwater  is  below  0.2  mg/1. 

The  analysis  of  the  major  chemical  compenantB  indicates  that  the 
test  zone  is  suitable  for  the  experiments.  The  chemical  composition, 
including  the  pH,  is  suitable  for  t)ie  microbial  growth.  However, 
bacausa  the  concentration  of  dissolved  oxygen  in  the  groundwater  is 
very  low,  all  of  the  oxygen  required  for  microbial  growth  must  be 
added  to  the  test  zona.  The  presence  of  high  nitrate  and  low  ammonia 
concentration*  indicate  that  the  aquifer  is  not  anaerobic.  Thus, 
major  problems  associated  vitn  the  change  in  the  oxidation  state  by 
the  addition  of  oxygen  arc  not  anticipated,  at  least  from  the 
microbiological  point  of  view.  Tho  high  calcium  concentrations  may 
present  problems,  e.g.,  tha  precipitation  of  sulfates  and  carbonates 
with  changes  in  fluid  chemistry.  The  chemical  composition  of  tha 
groundwater  indicates  that  the  fluid  phase  concentrations  are  close  to 
the  solubility  limits  of  gypsxim  (CaSP.)  and  calcita  (Caro.).  Owing  to 
tha  high  sulfate  concantration,  ^e  groundwater  is  not  considered  of 
drinking  water  quality,  which  facilitated  obtaining  regulatory 
approval  to  perform  the  experiments. 

Trace.  Chemical  Analysis 

Analysis  for  trace  element  composition  was  performed  by 
Inductively-Coupled  Argcn  Plasma  Spectrematry  at  the  Robert  S.  Kerr 
Environmental  Research  Laboratory  (Bledsoe,  1935,  unpublished  data). 

Table  4  shows  concentrations  of  all  inorganic  elements  were  below  1000 
ug/1,  and  in  most  caaas  below  the  detection  limit  of  the  analysis. 
Concentrations  were  below  levels  that  would  be  considered  toxic  to 
microorganiume,  and  indicate  that  the  addition  of  trace  nutrients  may  be 
required  to  promote  effective  microbial  growth. 


TABLE  3 


GROUNDWATER  CHEMISTRY:  MAJOR  IONS  AND  OTHER  PARAMETERS 


MAJOR  IONS 

Mil  liecruiva. tents 

(mg/2) 

(ag/1) 

Calcnlated  froa 

Lab  1  raaulta 
(nag/l) 

CATIONS 

Lab  1* 

Lab  2* 

53. 

44. 

2.3 

2.6 

1.5 

<0.1 

200. 

216. 

10.0 

100. 

93. 

8.2 

NH. 

TOTAI. 

<0.1 

nd 

<0.1 

356. 

355. 

20.5 

ANIONS 

Lab  1* 

Lab  3* 

Cl' 

42. 

39. 

1.2 

Br 

0.6 

<0.2 

<0.1 

HCO, 

270. 

227. 

4.4 

NOJ. 

POT, 

6.9 

14.9 

<0.1 

0.1 

nd 

<0.1 

750. 

699. 

15.6 

T.  • 

CHARGE  BALANCE 

1070. 

ERROR  •  2% 

980. 

21.3 

OTHER  PARAMETERS 


Total  Olsaolvad  Sollda  (TDS,  ag/l) 

Haasurod  >  1456  ±  15  (by  graviaatric  analyaia) 
Calculatad  1426  (from  aajor  ion  analyaas) 

Eatiaatad  1000-'l4ao  (from  apacific  conductanca) 

pH  >  6.5  (aaasurad  in  tha  Ylald) 

DO  <  0.2  ag/1  . 

Taaperatura  >  is'^c  (aeaaurad  in  tba  fiald) 


•Major  Ion  analysaa  conductad  by  dlffarant  laboratorisa.  Lab  1, 
Lab  2,  and  Lab  3  rafar  to  Saquoia  Analytical  Laboratory,  Karr 
Envlronaental  Raaaarch  Laboratory,  and  Stanford  Dnivaraity  Civil 
Enginaaring  Laboratory,  raapoctivaly. 
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TABLE  4.  TRACE  OIEMICAL  CCMPOSITION  OF  THE  GROUNDWATER  FROM 
THE  SU-39  SITE. 


TRACE  INORGANIC  CONSTITUENTS* 


Elaaant 

DISSOLVED 

TOTAL 

(ug/1) 

(ug/l) 

Fa 

nd 

540 

Hn 

300 

310 

B 

150 

200 

Zn 

10 

30 

Sr 

67 

76 

Ba 

20 

20 

A1 

<100 

<100 

As 

<30 

<30 

Ba 

<3 

<3 

Aq 

<10 

<10 

Cd 

<3 

<3 

Co 

<10 

<10 

Cr 

<10 

<10 

Cu 

<10 

<10 

Hg 

<30 

<30 

Li 

<10 

<10 

Mo 

<10 

<10 

Ni 

<10 

<■1.0 

Pb 

<23 

<20 

Ti 

<100 

<100 

Sa 

<30 

<30 

Tl 

<20 

<20 

V 

<10 

<10 

TRACE  ORGANIC 

CONSTITUENTS** 

ChvBlcal  Concentration 

l«l-dichloro«thyl«n«  (1,1  DCS}  14 

l,l'>dlchIoro«tnan«  (1,1  UCA)  0.5 

l,l,2»tricnioro-l,2,2-tri<luro«tnana  (FraonllS)  9.4 

1,1,1-trlcbloroethana  (TCA)  97.4  ±  30 

•  datarainad  by  Inductivaly-Couplad  Argon  Plasma  Spactronatry ; 
vhan  raaults  vara  bclov  datactlcn  llait  (d.I.),  tba  rasulta 
ara  liatad  as  lass  than  (<)  tha  d.I.  for  tha  aathod 

**  dstarxlnad  by  gas  chronatography  or  gas  chroBStography/BSSs 
spectrcaatry.  Values  listed  ara  averages  of  duplicate 
detarBinations,  except  fer  TCA.  TCA  analyses  vara  conducted 
on  Sevan  saBplas  taken  during  tha  period  7/9/S5*>ll/10/8S;  tha 
TCA  concentrations  in  tha  saaples  ranged  in  concentration 
froB  S6  to  131  ug/1. 


Analyses  were  conducted  to  determine  the  type  and  concentrations 
of  trace  organic  compoundj;  at  the  field  site.  Four  volatile  organic 
compounds  were  detected,  as  shown  in  Table  4.  The  highest 
concentrations  in  the  native  ground  water  were  found  for  1,1,1- 
trichloroethane  (TCA) ,  which  is  present  at  a  concentration  on  the  order  of 
100  ug/1,  vaiying  over  a  range  of  56-131  ug/1  for  analyses  conducted 
over  several  months.  Trace  amounts  of  other  halogenated  compounds  are 
present,  as  shown  in  Table  4.  Trichloroethylene  (TCE)  was  not 
detected  in  these  samples. 

Analyses  were  as  performed  for  purgeable  aromatics.  No  such 
compounds  (e.g.,  benzene,  xylene,  toluene,  chlorinated  aromatics), 
were  detected.  Total  (non-purgeable)  organic  carbon  was  determined  to 
be  approximately  2  mg/1,  within  the  range  of  0.1  -  10  mg/1  reported 
for  groundwaters  due  the  presence  of  natural  humic  and  fulvic  acids 
{Freeze  and  Cherry,  1979). 

These  analyses  showed  that  the  native  groundwater  in  the  test  zone 
had  the  following  important  characteristics  with  respect  to 
chlorinated  compounds: 

1)  It  was  contaminated  with  halogenated  organics  at  low 
concentrations.  This  was  considered  an  important  criterion  for 
obtaining  regulatory  approval  to  conduct  the  experimc.its.  The 
concentrations,  however,  were  low  and  would  not  be  toxic  to  the  native 
bacteria. 

2)  The  TCE  concentration  vas  below  the  detection  limit.  Thus, 
controlled  experiments  can  be  performed  by  adding  small  but 
measureable  quantities  of  TCE  to  the  test  zone. 

The  results  of  the  initial  inorganic  and  organic  analyses  indicated 
that  the  aroundwater  was  of  a  suitable  chemical  composition  for 
performing  the  experiments.  The  chemical  composition  would  not  inhibit 
the  stimulation  of  the  methanotrophic  bacteria,  and  it  appears  feasible 
to  inject  and  transport  dissolved  oxygen  in  the  test  zone  without  undue 
consumptive  losses. 


AQUIFER  SOLIDS  ANALYSIS 

Core  samples  of  the  aquifer  material  were  obtained  in  order  to 
characterize  the  aquifer  material's  physical,  chemical,  and 
microbiological  properties.  Some  of  the  core  material  was  to  be  used 
for  microbiological  studies  in  the  laboratory.  Aseptic  procedures  as 
outlined  by  Wilson  et  al.  (1983)  were  used  for  obtaining  the  cores 
samples  and  transferring  the  materials  to  storage  containers. 

Microbial  ^Inumeration 

The  acridine  orange-epifluorescence  procedure  of  Ghlorse  and 
BaDcwill  (1983)  was  used  to  enumerate  the  active  bacteria  attached  to 
solid  samples  from  the  test  zone.  The  analysis  indicated  that  the 
microorganisms  were  typically  attached  to  particles  of  organic  matteg. 
The  bacterial  numbers  per  gram  of  dry  solids  varied  from  2  -  39  x  10 
within  the  range  of  values  of  1  -  50  x  10°  obtained  in  subsuiface 
investigations  of  Ghiorse  and  BaDcwill  (1983),  Wilson  at  al  (1983),  and 
Webster  at  al.  (1965).  No  apparent  trend  with  depth  was  indicated.  The 
highest  value,  howwver,  was  observed  in  the  sand  and  gravel  zone,  17  - 
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17.5  ft  below  ths  surface.  The  bacteria  counts  nay  be  associated  with 
the  high  permeability  of  this  zone  and  a  corresponding  greater  flux  of 
nutrients. 


The  presence  of  methanotrophic  bacteria  was  not  established  using 
this  enumeration  procedure,  since  the  method  is  not  type  specific. 

The  presence  of  methane-consuming  bacteria  on  aguifar  solids  was, 
however,  demonstrated  in  columns  studies  discussed  by  Milson  et  al. 
(1987).  In  these  studies,  columns  were  pac3ced  with  core  solids  obtained 
from  well  SI.  After  exchanging  the  pore  water  with  water  containing 
methane  and  oxygen,  oxygen  and  methane  consumption  was  observed.  This 
study  and  the  bacteria  enumeration  study  indicated  that  the  test  zona 
had  an  indigenous  microbial  population  that  could  be  successfully 
bicstimulated. 


Organic  Carbon  Content 

The  organic  carbon  content  of  the  Moffett  aquifer  material  was 
determined  by  measurement  on  a  Dohrmann  OC-80  organic  carbon 
analyzer  following  pretreatment  consisting  of  acidification  with 
H^PO.  and  heating  under  vacuum  to  remove  carbonate,  addition  of 
xfs.o.,  and  autoclaving  at  121 *C  for  4  hours  in  sealed  ampules  to 
oSiSize  the  organic  matter  to  CO..  The  ampules  were  then  bro)cen  into 
the  oxygen  stream  of  the  OC-80  analyzer,  and  the  CO.  production  was 
quantified  by  a  Koriba  nondispersive  ZR  epectromatef .  Coarse¬ 
grained  samples  were  preground  for  10  seconds  in  a  tungsten  carbide 
mill  to  facilitate  complete  removal  of  inorganic  carbon  and  complete 
recovery  of  the  organic  carbon. 


Results  are  summarized  in  Table  5.  For  the  bulk  materrial,  the 
average  value  was  0.11  percent  carbon,  with  no  significant  influence 
of  pregrinding.  The  organic  matter  appeared  to  be  concentrated  in 
the  clay  fraction,  with  organic  carbon  contents  six  times  that  of 
the  bulk  material,  whereas  the  coarse-grained  fractions  have  organic 
carbon  contents  as  much  as  40  percent  lass  than  the  bulk  average. 


TABLE  5.  ORGANIC  CARBON  CONTENT  OF  MOFFETT  AQUIFER  SOLIDS 


Organic 

Carbon 

Content 

Size  Fraction 

ZRzesfiju. 

mean  + 

std.  dev. 

around 

not  around 

Bulk 

0.112  ± 

0.020f 

0.110  t  0.014 

Cl ay- top 
Clay-bottom 

U.S.  Std.  Mesh 
<200 

-100+200 

0.113  ± 

0.009 

0.643  t  0.039 
0.638  t  0.090 

0.161  i  0.01411 

-60+100 

0.087  ± 

O.C03 

-40-60 

0.100  ± 

0.003 

-20+40 

0.062  1 

O.OOS 

-8+20 

C.095  ± 

0.009 

-4+8 

0.082  ± 

0.007 

*  4  replicates,  unless 

Otherwise  noted. 

I  3  replicates 
ff  6  replicates 


Basud  on  tiias*  ■•aauraaonts,  it  appaarad  liJcaly  that  tha  Moffatt 
aqulfar  aatarial  would  axhibit  aubstantial  aorption  capacity, 
aignlficantly  graatar  than  obaarvad  at  tha  Bordan  sit«  in  our 
pravioua  fiald  axparlaant  (Bobarta  at  al.,  1986;  Curtia  at  al, 

1986),  vhara  tha  organic  carbon  contant  vaa  aaaaurad  aa  0.02 
parcant. 

Soi-Dtion  onto  Acruifer  Solids 

Tha  dagraa  of  aorption  of  aavaral  chlorinatad  aliphatic  conpounda 
onto  agv'ifar  aolid  aanplaa  vaa  datarainad  in  batch  aorption 
axpariaanta.  Tha  procadura  uaad  in  tha  batch  aorption  axpariaanta  ia 
that  daacribed  by  Curtia  at  al.  (1936).  Tha  aiza  fraction  atudiad  vaa 
that  which  paaaad  through  a  #10  U.S  Standard  aiava,  i.a  particla 
diaaatara  lama  than  2  aa.  Thla  fraction  rapraaanta  approxlaataly  33% 
of  tha  particia  aasa  praaant  in  coras  aa  ahovn  in  rigura  5. 

Tha  raaulta  of  3 -day  batch  axpariaanta  for  PCS,-TCE  and  1,1,1-TCA 
ara  plottad  in  Figura  6,  with  tha  corraaponding  fit  to  a  Froundlich 
iaothara.  It  ia  avidant  that  TCA  aorba  laaa  that  TC£,  whila  PCS  aorba 
Boat  atrongly.  Tha  iaotharma  ara  fairly  lir.aar,  an  indicatad  by  tha 
axponant  tara  baing  graatar  than  0.90.  hinaar  fita  raaultad  in  X. 
valuaa  of  0.42,  1.4  and  4.0  cbV9  ^or  TCA,  TCS,  and  PC£  raspactivSly. 


Figura  6.  Fraundlich  iaotharaa  for  PCX,  TCZ  and  1,1,1-'TCA  baaad  on  3  day 
batch  aorption  axpariaanta  onto  aquifar  aolida. 


Eatimataa  of  tha  K.  valuaa  vara  aada  baaad  on  tha  aapirical 
ralationahip  of  Karichhoff  at  al.  (1979),  vhara  K.  la  dapandant  on  tha 
fraction  organic  carbon  of  tha  aolid  and  tha  aorbing  aoluta'a 
aolubility  in  watar.  Solubility  data  tabulatad  in  Horvath  (1982)  vaa 
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used  in  the  estimates.  The  organic  carbon  content  of  the  bulk  solids 
used  in  the  sorption  studies  was  0.001.  The  estimated  K.  values  were 
0.266,  0.318,  and  1.06  cn  /g  for  TCA,  TCE  and  PCE,  respictively.  The 
Deasured  values  show  a  trend  siailar  to  that  predicted  froa  partitioning 
theory,  with  higher  values  for  the  less  soluble  coispounds.  However, 
the  estiaated  K.  values  are  consistently  lower,  by  factors  1.6,  4.4, 
and  3.8  for  TCX?  TCE  and  PCE,  respectively.  Siailar  results  were 
obtained  for  low  carbon  content  Bateriaj.s  by  Curtis  «t  ai.  (1986b)  and 
Schwarzenbach  and  Westall  (1981),  who  explained  the  larger  aeasured 
partition  coefficients  in  terms  of  sorption  to  mineral  surfaces. 


TABLE  6.  MEASURED  AND  PREDICTED  VALUES  ROR  PCE,  TCE,  AMD 
1,1,1-TCA,  AND  ESTIMATED^RETART.'tTION  FACTORS. 


Compound 

Measured 

Sorption 

Coefficient 

(ciu°/g) 

Predicted 

Sorption* 

Coefficient 

•'a 

(cmVg) 

Retardation^ 

Factor 

R 

TCA 

0.42 

0.27 

2.5-3 

TCE 

1.4 

0.32 

6. 5-3. 5 

PCE 

4.0 

1.06 

17-22 

1)  based  on  aeasured  linear  sorption  isotherm 
3)  based  on  the  empirical  correlation  with  water  solubility  of 
KarieJehoff  at.  al.  (1979)  and  the  measured  fn-*  0.001 
3)  based  on  Eq  1.  with  Pj^«  (1.6-1. 9  g/ca'*),  and”R  ■  (0.3-0.<i) 


Estimates  of  the  degree  of  retardation  of  the  sorbing  solutes 
relative  to  a  nonserbing  solutes  were  made  based  on  the  retardation 
factor  as  described  by  Freeze  and  Cherry  (1979),  given  by 


R  -  1  +  PjjKjj/n  (1) 

where  p^  is  ^e  bul)c  density  of  the  aquifer  material  (g/cm^) ;  n  is  the 
porosity  (cm^/cm'^) ;  and  K.  is  the  equilibrium  distribution 
coefficient.  The  estimated  retardation  factors  are  presented  in  Table  6. 
Based  on  these  estimetes,  the  movement  of  TCE  through  the  test  zona 
would  be  expected  to  bo  retarded  by  a  factor  of  6.5  tc  8.5.  This  has 
important  implications  for  the  time  required  to  establish  steady-state 
concentrations  during  the  tests,  and  the  effect  the  sorption 
process  may  have  on  the  biotransformation  of  the  TCE. 
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SECTION  6 


SITE  INSTRUMENTATION 


THE  WELL  FIELD 

FiTura  4  prasantr,  a  vartical  sactlon  of  tha  last  zona  and  tha 
wall  fiald  usad  in  axpariaanta.  Tha  wall  fiald  was  daai^nad  to 
parsit  siaultanaouE  expariaents  by  craating  two  tast  zonaa  through  tha 
injactlon  of  fluids  at  both  tha  south  (SI)  and  north  (NI)  injaction 
walls,  and  axtraction  at  tha  cantral  artraction  wall  (P) .  Tha  oparatlon 
of  tha  attraction  wall  la  intandad  to  doainata  tha  rsgional  flow  fiald 
in  tha  study  araa  in  an  approxiaatlon  of  radial  flow. 

Tha  injaction  walls  ara  locstad  <  aatars  from  tha  attraction  wall. 
Tha  aonitoring  walls  ara  locatad  1.0,  2,2  and  4.0  aatars  froa  tha 
injaction  walls.  This  spacing  should  rssult  in  roughly  aguivalant  fluid 
rasidancs  tiaas  batwaan  aonitoring  walls  if  radial  flow  conditions 
axist.  Tha  attraction  and  injaction  wtlls  ara  constructsd  of  2”  PVC 
wallstoclc  which  is  slottad  ovar  a  S  ft  scraanad  saction.  Tha  scrasnad 
saction  is  positionad  14  ft  to  19  ft  balow  tha  surfaca  in  ordar  to  fully 
panatrata  tha  aguifar.  Aftar  Installation  with  a  hollow  staa  augar, 
tha  borahola  around  tha  scraanad  saction  was  baclc  fillad  with  sand 
(Montaray  #8).  Tha  aonitoring  walls  ara  1.75"  O.D.  stainlass  staal  wall 
casing  with  a  2  ft  scraan  driva  point  (Johnson  Wirawotutd  |35  slot). 

T'.k  wells  wars  installed  with  ainiaal  disturbance  of  tha  aguifar  by 
augering  to  within  one  foot  of  tha  aguifar  top  and  hand-driving  tha 
wallpoint  into  the  aiddla  of  tha  aguifar.  The  2  ft  scraan  saction  was 
placed  to  intercept  what  was  considered  to  be  tha  aost  peraaable  zona 
consisting  of  sands  and  gravels. 

In  order  to  prevent  losses  by  volatilization  and  sorption,  tha  fluid 
injection  and  saapling  lines  ara  1/4  inch  0.0.  stainlass  staal  tubing. 
Tha  tubing  runs  froa  tha  wall  bottoa  to  inside  tha  control  shad,  with  a 
aaxiaua  length  of  approxiaataly  16  aatars.  The  tubing  has  a  series  of 
orifices  along  tha  wall's  slottad  interval,  in  ordar  to  collect  a 
raprasantativa  fluid  saapla  froa  tha  foraation. 


THE  AUTOMATED  DATA  ACQUISITION  AND  CONTROL  SYSTEM 

An  automated  data  acguisition  systaa  has  bean  devised  at  the  site  to 
iaplaaant  tha  fiald  axpariaants.  The  systaa  paraits  tha  continuous 
aaasuraaant  of  tha  axpariaant's  principal  paraaatars:  tha  concentrations 
of  tha  broaida  ion  tracer,  aathana,  haloganstad  aliphatic  coapotinds  of 
intarast,  and  dissolved  oxygen,  as  wall  as  pS.  Tha  aathods  of  analysis 
and  tha  practical  detection  liait  for  each  paraaatar  under  field 
conditions  ara  susraarizsd  in  Table  7. 

A  schematic  of  the  systaa  is  shown  in  Figure  7.  Tha  systaa  is 
driven  by  a  aicrocoaputar.  A  data  acguisition  and  control  program  (DAC) 
has  been  dasignsd  and  prograaaad  that  can  ba  operated  in  either  aanual 
or  autoaatad  soda.  Manual  soda  paraits  selection  of  saaplea,  creation 
of  a  sample  saguanca  for  Butoaatad  operation,  calibration  of  various 
instruments,  and  graphing  tha  results  as  tha  sampling  proceeds.  During 
automated  operation,  tha  DAC  selects  tha  saapla  to  ba  unalyzad,  opens 
tha  proper  solenoid,  and  activatas  a  peristaltic  sampling  pump,  locatad 
in  tha  control  building.  Aftar  withdrawing  approxiaataly  1.2  liters  of 
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TABLE  7.  METHODS  OF 
PARAMETER 

ANALYSIS  AND  PRACTICAL  DETECTION 
UNDER  FIELD  CONDITIONS. 

LIMITS  FOR  EACH 

Paraseter 

Method 

Detection 

Idait 

Dissolved  Oxygen 

Probe 

0.1  ag/l 

pH 

Probe 

NA 

Anions 

(Cl,  Br,  NOj,  SO^) 

Ion  Chroaatography 

0.5  ag/1 

Haloganated  Organics 
(Freon  113,  TCA,  TCE) 

Gas  Chroaatography- 
ECD 

1.0  ug/1 

Methane 

Gas  Chroaatography- 
FID 

0.2  ag/l 

Aulomoted  Doto  Aquisition 


ond  Conirol  System 


(nlerfoce 


Sampling  Instrument 

Monitold  Solenoids 

Solenoids 


Computer 


Ooto  Bose 


Graphics 


rigrura  7  Schaaatie  et  the  automatad  data  acquisition  and  control  systao. 

aaapla,  puaping  ia  atoppad  and  aaoplaa  ara  analyzad  using  tha  aathoda 
given  in  Table  7.  After  coaplation  of  tba  data  acquisition  cycle,  the 
DAC  integrates  tha  chrosatograis  (in  tha  case  of  ion  and  gas 
chroaatography) ,  calculates  and  stores  tha  results,  end  procaeda  with 
the  next  saaple. 


Zn  ordar  to  xr-aliz*  nal-tia«  control  and  Intorprataticn, 
Baaaurcaaiita  ara  aada  contlnxully  throughout  a  period  ot  aavaral  waeks 
or  nonths  at  a  fra^ancy  corresponding  to  approxiaataly  two  par  hour. 

Tha  saffipling  points  ara  typically  six  in  nunbar,  tha  injactaJ  fluid, 
extracted  fluid,  three  intamadiata  aonitoring  points,  and  tha  affluent 
froa  the  air  stripper  (for  aonitoring  tha  groundwater  discharged  to  a 
stora  sawar) .  In  order  to  obtain  precise  and  reproducible  aaasuraaents 
during  an  axpariaant,  tha  instruaants  are  calibrated  daily. 

A  series  of  experiaents  were  perforaed  using  tha  OAC  systea  to 
study  tha  transport  characteristics  of  tha  test  zone  under  a  variety  of 
flow  conditions.  Natural  gradient  tests  ware  perforaed  in  order  to 
estiaata  tha  groundwater  velocity  and  direction  at  tha  site.  Induced 
flow  tests  were  perforaed,  in  which  groundwater  was  injected  and 
extracted,  to  study  transport  under  conditions  siailar  to  those  used  in 
the  biostiaulation  and  biodegradation  stages  of  the  axpariaant.  The  OAC 
systea  was  found  to  work  reliably  and  generataJ  aore  than  enough  data  to 
observed  tha  transient  rawponses  at  observation  locations.  The  results 
of  these  tracer  tests  will  be  presented  in  the  following  section. 


SECTION  7 


RESULTS  OF  TRACER  TESTS 


NATURAL  GRADIENT  TRACER  TESTS 

Two  natural  gradiant  tracar  lasts  wars  partoraad,  Trac8r2 
and  TracarO.  Tha  lasts  vara  parformad  as  follows:  a  slug  of  460 
lltars  of  broulda  tracar  was  injacted  over  a  pariod  of  3  to  4  hrs  Into 
a  wall  along  tha  aain  lina  of  walls  SI  through  NI,  and  than  allowad 
to  drift  undar  natural  gradient  conditions.  Responses  at  monitoring 
walls  ancoapassad  both  tha  tha  breakthrough  and  tna  elution  of  tha 
bromide  tracar.  In  tha  Tracer!  last,  wall  P  was  used  to  inject  tha 
tracar  and  walls  N3,  N2,  and  HI  vara  used  as  monitoring  walls.  In  tha 
Tracar3  last,  wall  SI  was  used  to  inject  tha  tracar,  and  all  tha  walls 
along  south  to  north  lags  wars  monitorad. 

Tha  experiments  indicated  that  tha  groundwater  flow  was  primarily 
in  a  northerly  direction.  Figure  8  shows  raaponsas  at  tha  monitoring 
walls  for  tha  Tracer!  and  Tracer!  tests,  raspactivaly.  Tha  response 
curves  are  skawad  in  shape,  with  a  sharp  rise  in  concentration 
followed  by  a  gradual  dacraasa,  or  tailing,  to  background 
concentrations.  Tha  areas  undar  tha  rasponsa  curves  are  shown  to  ba 
reduced  as  tha  distance  from  tha  injection  wall  increases,  especially 
for  tha  Tracer!  test.  Tha  maximum  concentrations  ara  significantly 
lower  than  tha  injected  concentrations .  Tha  dacraasa  in  area  with 
distanca  and  tha  low  maximum  concentrations  suggest  either  a  flow 
direction  that  davlatas  slightly  from  being  parallel  to  tha  lina  of 
tha  obsarvation  walls  ond/or  a  larga  amount  of  lateral  dispersion. 

Table  8  svimmarizas  tha  results  from  tha  natural  gradient  tracer 
tests.  Tha  skewed  shape  of  tha  rasponsa  curves  ara  indicated  by  tha 
greater  time  associated  with  tha  canter  of  mass  of  tha  rasponsa  curves 


TABLE  8.  ESTIMATES  OF  REGIONAL  VELOCITIES  BASED  ON  THE  RESULTS  OF  THE 
NATURAL  GRADIENT  TRACER  EXPERIMENTS. 


Hall  Distance 
from  the 
Inj.  Hell 
(n) 

Time  Max 
Cone. 

(hrs) 

Tima 
Canter 
of  Mass 

(hrs) 

Velocity^ 

(m/hr) 

Area  Under 
Rasponsa 

Curve 

(mg-hr/1) 

Tracar! 

M3 

!.0 

8.8 

17.9 

0.11 

1555 

N! 

3.8 

27.8 

38.6 

0.10 

1059 

N1 

5.0 

32.8 

50.5 

0.10 

1250 

Tracers 

SI 

l.C 

16.4 

32.9 

0.7 

3658 

S! 

!.! 

32.5 

44.3 

1.2 

2131 

S3 

3.8 

12.9 

20.0 

4.8 

1019 

^  Velocity  based  on  canter  of  mass 
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compared  to  the  tine  to  the  aaxiatuB  observed  concentration.  The 
groundwater  velocity  estiaates  based  on  the  tiae  corresponding  to  the 
center  of  mass  of  the  response  curve  are  in  good  agreeaent  for  the 
Tracer2  test.  Aj)  average  value  of  2.6  a/d  was  obtained.  The  results 
obtained  froa  the  Tracer3  test  are  aore  variable,  with  higher  values 
obtained  the  farther  the  observation  well  is  froa  the  injection  well. 
The  higher  velocities  are  seen  to  be  associated  with  a  decrease  i.-i  area 
under  the  response  curves. 

The  rapid  transport  in  the  test  zone  is  typified  by  the  initial 
response  at  the  S3  monitoring  well,  which  precedes  that  of  the  S2 
well,  even  though  the  latter  well  is  located  closer  to  the  Injection 
well  for  this  test.  This  earlier  breakthrough  is  raproduced  in  all 
the  tracer  experiaents  perforxed  to  date.  These  data  suggest  that  the 
aquifer  is  quite  heterogeneous,  with  high  permeability  zones  rapidly 
conveying  the  tracer  to  the  distant  wells,  while  the  responses  at 
observation  wells  closest  to  the  injection  well  represent 
contributions  from  a  range  of  permeability  zones.  The  observation 
wells  are  not  fully  penetrating.  Thus,  if  there  is  layering  and 
vertical  structure  in  the  test  zone,  the  monitoring  walls  may  be 
sampling  different  zones,  especially  along  the  south  experimental  leg, 
where  the  variations  in  estiaated  velocity  are  great.  The  extensive 
tailing  in  the  response  curves  would  also  suggest  multi-permeability 
zones,  as  discussed  by  Holtz  et  al.  (1986). 

The  results  of  the  two  natural  gradient  tests  indicate  a  fairly 
high  groundwater  velocity  at  the  site:  approxiaately  2.4  a/d.  The 
velocity  is  somewhat  higher  then  the  1  a/d  value  obtained  froa  the 
aeasured  gradient  and  hydraulic  conductivity  estiaated  froa  pump 
teats,  but  nonetheless  of  the  saae  order  of  aagnitude.  The  hydraulic 
conductivity,  however,  io  based  on  an  aquifer  thickness  of  1.5  aster. 

Zf  the  thickness  were  less,  higher  estiaates  of  groundwater  velocity 
would  result. 


INDUCZD  FLOW  TRACTR  TESTS 

Two  induced  flow  tracer  experiaents  --  Tracer!  and  Tracers  ~ 
wers  performed  under  the  conditions  used  in  the  later  evaluation 
experiments.  The  Tracer!  experiment  studied  the  transport  of  bromide 
ion  and  dissolved  oxygen  through  the  test  zone.  The  Tracers 
experiment  studied  the  transport  of  bromide  ion  and  TCE.  The 
south  experimental  leg  was  chosen  for  the  experiaents,  with  fluid 
being  injected  into  the  SZ  well  and  extracted  at  wall  P.  This 
configuration  results  in  an  induced  gradient  which  is  superimposed  on 
the  natural  gradient,  thus  creating  conditions  for  the  effective 
capture  of  the  injectaa  fluid  at  the  extraction  well. 

The  induced-flow  tracer  tests  ware  performed  as  follows: 
groundwater  was  extracted  at  a  rata  of  8  1/ain  and  reinjected  at  a 
constant  rate  of  1  l/min  and  0.6  1/ain  in  the  Tracer!  and  Tracers 
experiaents,  respectively.  The  groundwater  was  air  stripped  prior  to 
reinjection  to  remove  background  concentrations  of  organics  and  to 
oxygenate  the  groundwater  to  a  CO  concentration  of  8  ag/1.  Bromide 
(Tracer!)  and  bromide  and  VCE  (Tracers)  were  added  to  the 
air-stripped  ground  water  to  achieve  the  desired  concentration  and 
injected  at  a  constant  rate.  The  injection  of  tracers  was  performed 
as  a  broad  pulse.  Bromide  was  added  at  an  average  concentration  of 
120  mg/1  for  107  hrs  in  the  Tracer!  test  and  at  a  concentration  of  230 
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ag/1  fot’  250  hr*  in  th«  Tracers  «xp»riia*nt.  In  tha  TracarS  axparinant 
TCE  was  in j acted  concurrently  with  hroaida  at  an  average  concentration 
of  160  ug/1  for  350  hra.  The  tracer  breakthroughs  as  well  as  their 
elution  from  the  teat  zone  were  continuously  Bcasured  at  the  scnitoring 
veils  SI,  S2  ,S3  snd  the  extraction  well. 

Figure  9  shows  the  DO  responses  observed  in  the  Tracer4 
axperisent.  The  data  show  a  tightly  spaced  teaporal  response  over 
four  days,  with  approxiaately  ten  a^aples  at  each  observation  point 
per  day.  The  results  show  a  rapid  breakthrough  at  the  SI  observation 
w  The  breakthrough  at  the  S3  observation  well,  located  4  asters 

'  the  injection  well,  precedei  that  at  well  S2,  2.2  asters  froa  the 
ction  well,  which  indicates  t  ort  circuiting  of  flow  resulting 
.rot'  aquifer  haterogeneities.  St  ady-state  concentrations  were 
achieved  at  SI  after  a  period  of  .njection  of  approxiaataly  50  hrs, 
while  80  hrs  ware  required  to  achieved  staady-stata  values  at  well  S3. 


Figtire  9.  Response  of  DO  at  the  observation  lecations  in  the  induced 
flow  tracer  test  (Tracers) . 

The  steady-state  values  show  lower  concentration  values  the  greater  the 
distance  froa  the  injection  well.  This  probably  results  froa  one  cf  the 
following  factors:  1}  a  saall  dogrea  of  DO  eonsuaption  along  the  flow 
path,  or  2)  soaa  dilution  of  the  injected  water  by  native  groundwater 
having  a  low  DO  concentration.  The  extraction  well  definitely  shows  the 
effect  of  aixlng  with  the  native  groundwater,  owing  to  the  injection 
rate  (1  1/ain)  being  1/8  of  the  extraction  rate  (8  1/ain) .  The  aaxiaua 
extraction  well  concentration  was  approxiaataly  12  percent  of  the 
injection  concentration,  consistent  with  dilution  estiaates.  The 
breakthrough  of  DO  at  these  concentrations  at  the  extraction  well 
indicated  that  little  utilization  of  DO  occurred  during  transport 
through  the  aquifer.  Thus,  the  ability  to  transport  DO  through  the 
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aquifer,  which  Ik  required  during  the  bioetiaulation  phase  of  the 
experisent,  was  desonstrated. 

Figure  10  shows  the  broaide  responses  for  the  sans  experiment, 
normalized  to  the  injection  concentration.  Both  ths  initial 
brea)ctnrough  and  the  elution  from  the  test  zone  after  ceasing  broaide 
injection  are  shown.  The  bromide  brealctl.roughs  have  the  same 
characteristics  as  the  DO  breakthroughs,  discussed  above.  The 
decrease  in  steady-state  bromide  concentrations  with  distance  from  the 
injection  well  indicates  dilution  by  the  native  groundwater.  Thus, 
with  the  injection-extraction  conditions  used,  the  test  zona  was  not 
being  completely  dominated  by  the  injected  fluid. 


Figure  10.  Normalized  response  of  bromide  in  the  Traesra  test. 


Figure  11  shows  the  response  of  both  bromide  and  TCZ  at  the  SI 
observation  well,  during  the  early  stages  of  the  Tracers  experiment. 

The  movement  of  TCZ  is  shown  to  be  retarded  with  respect  to  bromide, 
with  a  more  gradual  approach  to  the  injected  concentration.  Ths 
shapes  of  the  breakthrough  curves  do  not  conform  to  that  predicted  from 
transport  theory  for  homogeneous  media,  assuming  local  equilibrium 
sorption.  These  obsarvationc  suggest:  1}  the  influence  of  rata 
limitation  offsets  on  sorption,  or  2)  ths  effects  of  multi¬ 
conductivity  zones  in  the  aquifer.  The  observations  during  the 
elution  phase  of  the  experiment,  after  ths  TCZ  addition  was  stopped, 
show  extended  tailing  as  shown  in  Figure  12.  The  extended  tailing  is 
is  another  indication  of  the  processes  described  above. 
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Mass  balances  based  on  the  Tracers  results  indicated  that  61 
percent  of  the  injected  broaide  was  recovered  by  the  extraction  well, 
whereas  S5  percent  percent  of  the  TCE  was  recovered,  over  the  800  hr 
period  during  which  continuous  observations  were  aade.  Due  to  the  slow 
elution  from  the  test  zone,  the  total  TCE  recovered  with  continued 
pusping  is  probably  eqirivalent  to  that  of  broaide.  The  mass  balances 
indicate  that  tha  injected  fluid  is  not  completely  recovered  at  the 
extraction  well  under  the  injection-extraction  conditions  used  during 
the  first  year  of  the  field  testing.  The  recovery  of  th*  TCE  i:i  similar 
to  that  obtained  for  bromide,  indicating  that  the  loss  of  TCE  results 
primarily  from  the  flow  conditions,  and  not  degradation.  Thus,  the 
Tracers  test  serves  as  a  pseudo  control  experiment  to  which  the 
biotransformation  studies  can  be  compared. 


The  average  fluid  residence  times  from  the  injection  to  the 
observation  veils  end  corresponding  fluid  velocities  were  estimated 
based  on  the  results  of  the  tracer  experiments  and  the  initial 
biosticulation  experiment.  The  estimates  are  based  on  the  time  required 
to  achieve  50%  cf  the  steady-state  breakthrough  concentrations.  During 
the  injection  period  of  350  hrs,  the  steady-state  TCE  concentrations, 
however,  were  not  obtained,  due  possibly  to  the  slow  rats  of  sorption 
onto  the  aquifer  solids.  The  long  term  steady-state  fractional 
breakthroughs  for  TCE  were  therefore  assuaed  equal  to  that  achisved  by 
the  broaide  tracer.  Transport  times  were  also  estiaated  for  TCA,  based 
on  its  elution  from  the  test  zone  during  the  Tracer4  experiment.  The 
elution  resulted  sines  TCA  is  present  as  a  background  contaminant  in  the 
groundwater  and  air-stripped  groundwater,  such  that  the  TCA 
concentration  injected  during  the  experiment  was  always  lower  than  that 
of  the  native  groundwater. 

Table  9  presents  the  avc.age  residence  times  for  the  SI  and  52 
observation  wells.  These  two  wells  are  presented  since  they  will  be 
discussed  in  most  detail  in  the  latter  evaluation  experiments,  and  the 
shape  of  their  breakthrough  response  is  relatively  symmetrical  such  that 
the  5C%  value  is  fairly  representative  of  the  center  of  mass  of  the 
response  curve.  Several  important  transport  characteristics  are 
indicated  by  the  results.  The  transport  times  and  corresponding 
velocities  are  shown  to  be  very  reproducible  from  test  to  test.  The 
average  fluid  residence  times  based  on  the  bromide  tracer  are  7.3  hrs 
and  16.0  hrs  from  tiia  injection  well  to  the  SI  end  S2  observation  wells, 
respectively.  This  corresponds  to  an  average  fluid  velocity  of  0.14 
m/hr  in  both  cases.  Methane  and  DO  enslyses  were  found  to  yield  similar 
residence  tlae  estimates  as  obtained  using  tha  bromide.  This  result 
indicates  that  these  dissolved  gases  srs  easily  transportsd  through  tha 
test  zone  end  are  not  retarded. 
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TABLE  9. RESIDENCE  TIKES  AND  TR^JNSPORT  VELOCITIES  OF  DIFFERENT  COHPOTmDS 
IN  INDUCED  FLOW  EXFERIMENTS. 


Tast 

Coapound 

Obs.  Wall 

Rasidanca 
Tiaa  (hrs) 

Valocity 

(a/hr) 

Tracar4 

Eroaida 

SI 

7.6 

0.130 

TrBcar5 

Broaida 

SI 

7.7 

0.132 

Biostal 

Broaida 

SI 

6.7 

0.149 

Tracar4 

Broaida 

S2 

17.9 

0.122 

Tracar5 

Broaida 

S2 

14.8 

0.148 

Biostal 

Broaida 

S2 

lb. 4 

0.143 

Tracar4 

DO 

SI 

7.2 

0.3  8 

Biostal 

Mathana 

SI 

6.0 

0.367 

Traear4 

DO 

S2 

16.7 

0.  ''31 

Biostal 

Mathana 

S2 

16.1 

0.  .36 

Traear4 

TCA 

81 

10.0 

0. 100 

TracarS 

TCE 

SI 

42.5 

0  024 

Tracar4 

TCA 

S2 

30.0 

0  073 

TracarS 

TCE 

S2 

156 

0.')14 

Th«  dati  for  TCA  and  TCS  Indicata  that  thasa  coapounds  ara  ratardad. 
Tha  raaldtnca  tisas  for  transport  froa  tha  injactlon  vail  to  tha  61 
obsarvation  wall  ara  10  hrs  and  42  hrs,  for  TCA  and  TCE,  raspantlvaly, 
cosparvd  with  7.3  hrs  for  bronida.  Tba  rasulting  ratardation  factors 
ara  1.4  for  TCA  and  5. 75  for  TCE.  Estlaatas  basad  on  tha  S2  wall  data 
yiald  ratardation  valuas  of  1.9  and  9.S  for  TCA  and  TCE.  raspactivaly. 
Tha  valuas  ara  in  good  agraaaant  with  thosa  pradictad  froa  tha  batch 
axpariaants  parforaad  in  tha  laboratory  (Tabla  6).  Tha  data  show  an 
incraasa  in  tha  ratardation  valua,  with  a  graatar  raaidanca  tiaa  in  tha 
tast  zona.  Thia  say  rasult  froa  a  rata>liaitad  sorption  procass  as 
discuasad  by  Robarts  at  al.  (1986). 


gUffimarY.gf..rrflCBg-Tt8it;  -Ragulti 

Tha  rasults  of  tha  tracar  axpariaants  indicata  that  raproducibla 
transport  axpariaants  can  ba  parforaad  in  tha  tast  zona.  Tba  fluid 
raaidanca  tlaas  in  tha  taat  zona  ara  fairly  short,  on  tha  ordar  of  8 
hrs  to  tha  first  obsarvation  wall  to  30  bni  at  tha  axtraction  wall. 

Owing  to  tha  high  groundwatar  valocity  undar  atural  gradiant  conditions, 
longar  transpoz-t  tiaas  ara  not  potisibla,  sinca  an  axtraction  rata  of  at 
laaat  8  1/ain  ia  raguirad  to  ansura  affactlva  racovary  of  tha  injactad 
fluid  at  tha  axtraction  wall.  Tha  tracar  axpariaants  indlcatad 
racovary  of  60  to  75  of  tha  broaida  injactad.  TCE  was  racovarad  to 
tha  Sana  dagraa  as  broaida,  indicating  nagligibla  losa  of  TCE.  Thara 
la  soaa  dilution  of  tha  injactad  groundwatar  by  tha  nativa  groundwatar 
with  tha  dagraa  of  dilution  incraasing  with  distanca  froa  tha 
injoction  wall.  Evldancs  of  aguifar  hataroganaitias  wara  obsarvad, 
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for  •xanpl*,  with  tracer  being  rapidly  transported  to  well  S3. 
Observation  wells  SI  and  S2  yield  similar  transport  velocities  and, 
based  on  modeling  discussed  in  detail  later,  conform  to  the  behavior 
eiqsected  for  the  case  of  an  induced  rlcw  field  superimposed  upon 
a  natural  potential  field.  TC£  was  found  to  be  retarded  due  to 
sorption  onto  the  aquifer  solids.  The  degree  of  retardation  was  within 
the  range  of  values  predicted  based  on  batch  sorption  experiments  with 
aquifer  solids  performed  in  the  laboratory. 


Modeling  the  Tracer  rest  Results 

Preliminary  modeling  of  the  results  of  the  tracer  experiments  has 
been  performed  using  1-0  and  2-D  models.  The  semi-analytical  modal, 
R£SSQ,  developed  by  Lawrence  Berkeley  Laboratory  and  described  by 
Javand.el,  Doughty,  and  Tsang  (1934)  was  used  to  simulate  2-D  advective 
transport  under  the  injection,  extraction  and  natural  gradient 
conditions  of  the  tracer  experiments.  1-D  analytical  solutions  were 
used  to  estimate  dispersion  coefficients  and  to  determine  if  a 
1-D  modeling  approach  could  be  uaad  in  the  development  of  a 
numerical  model  to  simulate  the  biostimulation  and  biotransformation 
processes. 

The  RESSQ  model  was  used  to  estimate:  1)  the  areal  extent  of  the 
injected  fluid  front  that  develops  around  the  injection  well  and 
observation  wells,  2)  the  fluid  residence  times  from  the  injection 
well  to  the  observation  wells,  and  3)  the  degree  of  recovery  of  the 
injected  fluid  at  the  extraction  well. 

Simulations  were  performed  to  illustrate  the  original  design  of 
the  w<'ll  field  to  permit  simultaneous  experiments  along  three 
exparimental  legs.  The  modal  input  parameters  ware:  fluid  injection 
at  a  rate  of  0.5  1/min  at  three  wells;  an  extraction  rata  of  8  1/min;  no 
regional  flow  velocity;  a  porosity  of  0.35;  and  an  aquifer  thickness  of 
1.2  meters,  figure  13  shows  the  results  of  the  simulations.  An 
injected  fluid  front  of  uniform  size  develops  around  each  of  the  three 
experimental  legs.  The  maximum  width  of  the  front  is  approximately  1.6 
meters  around  the  SI  and  S2  observation  wells. 

figure  14  shows  the  fronts  that  develop  when  a  regional 
groundwater  velocity  of  30C  m/yr  in  a  northerly  direction  is  imposed 
on  the  simulation  discussed  above.  The  front  around  the  east 
injection  well  is  shifted  northward  duo  to  the  groxutdwater  flow.  The 
regional  flow  also  results  in  a  thinning  of  the  front  along  the 
southern  lag  and  a  broadening  along  the  northern  leg.  These  results 
indicated  that  the  southern  leg  (SZ,S1,S2 ,S3)  should  be  used  in  the 
experiments  for  the  following  reasons;  1)  the  injected  fluid  supplying 
the  nutrients  becomes  less  dispersed,  and  hence  a  more  dense  microbial 
population  can  be  stimulated,  and  2}  by  injecting  upstream  of  the 
natural  groundwater  flow,  the  injected  tracers  and  chlorinated 
hydrocarbons  can  be  most  effectively  recovered  at  the  extraction  well. 
The  area  dominated  by  the  injected  fluid  does  become  smaller,  however, 
which  helps  explain  the  dilution  of  the  injected  fluid  by  the  native 
ground  water  that  was  observed  in  the  tracer  experiments. 
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Figxir*  13.  R2SSQ  olaulations  of  tit*  Injcctad  fluid  fron^rs  vhich  dsvalop 
under  induced  flow  conditions  of  the  tracer  experiaente  with 
no  regional  flow. 


Figure  14.  RZSSQ  elaulations  of  the  Injected  fluid  fronts  which  develop 
tinder  induced  flow  conditions  of  the  tracer  experiaents  with 
a  regional  flow  of  300  a/yr. 


SlaulatioDK  w«r«  parfonaad  with  th*  R£SSQ  aodel  to  datarninc  whather  / 

tha  predicted  fluid  residence  tiaes  era  in  the  ranga  of  values  estiaated 
by  the  tracer  tests.  The  aodel  predicted  fluid  residence  tiaes  of  8  hrs 
and  21  hrs  for  wells  SI  and  S2,  respectively,  in  fairly  good  agrceaent 
with  the  Tracer4  test  values  of  7.6  and  18  hours.  Aquifer  properties 
used  in  the  siaulation  were  a  regional  fluid  velocity  of  300  a/yr, 
a  porosity  of  0.35,  and  an  aquifer  thickness  of  1.25  a,  which  are  in 
good  agreeaont  the  aeasured  and  estiaated  values.  The  siaulaticns 
indicate  that  the  injected  fluid  should  ha  totally  captured  by  the 
extraction  well  under  these  conditions.  The  tracer  tests,  however. 

Indicated  that  only  70  percent  of  the  broaide  was  captured.  The  reason 
for  this  lower  degree  of  capture  is  not  known,  but  heterogeneities  in 
aquifer  properties  are  likely  responsible. 

The  slaulations  indicate  that  the  region  near  the  injection  wall 
does  not  conform  to  unifora  flow,  but  that  the  flow  is  fairly  unlfora  at 
distances  acre  than  approxiaately  0.5  asters  froa  the  point  of 
injection,  and  henra  in  the  region  of  tha  observation  wells.  To 
deteraine  the  degree  of  dispersion  required  to  tit  the  observed 
breakthrough  rasponse  at  tha  SI  and  S2  walls,  1-D  slaulations  wars 
perforaad.  Tha  non-linear  laast  squaras  fittinq  prograa  aascribad  by 
van  Ganuchten  (1981)  was  usad  in  fitting  the  data  to  tha  solution  to  the 
1*  3  convactive-dispersive  transport  aquation. 

Figura  15  shows  tha  fit  to  tha  DO  braakthrough  rasponsa  at  tha  S-2 
observation  wall  in  tha  Tracar4  axpariaant.  A  fairly  good  fit  is 


Figure  IS.  Fit  of  the  1-D  advectlve-dispersion  transport  aodal  to  tha 
breakthrough  of  DO  at  tha  S2  observation  well  during  the 
Tracers  test. 
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obtainaa  with  tJia  1-0  aexlal,  with  a  rasulting  Paclat  nunbar  (Pa)  of  6.6, 
which  corraaponds  to  an  aguifar  dlsparsivity  of  0.33  ■  (Lang^/Pa). 

Modal  fits  to  tha  dlffarant  axparlaanta  and  for  Br,  00,  and  aethana  vara 
perfomad  for  tha  51  and  52  walla.  Tha  bast-fit  Paclat  nuabar  basad  on 
tha  51  vail  rangad  2.7  to  4.0,  with  an  avaraga  valua  of  3.1.  Tha  valuas 
basad  on  tha  52  wall  ranged  froa  3.4  to  6.6  with  an  avaraga  valua  of 
4.4.  Tha  rasulting  avaraga  disparsivitias  wara  0.32  and  0.50  aatars 
basad  on  tha  51  and  52  walls,  raspactivaly.  Tha  1-D  analysis  rasultad 
in  bast  fit  disparsivity  valuas  that  ara  in  a  siailar  ranga  from  tha 
analysia  SI  and  52  data.  Tha  results  indicata  that  1-0  transport 
Bodaling  is  of  valua  in  tha  initial  stagas  of  axpariaantal  dasign  and 
data  intarpratation,  whan  cosplax  biostiaulation  and  biotransforaation 
procassas  aust  ba  taJcan  into  considaration.  A  Bora  datailad  analysis  of 
tha  tracar  data  is  currantly  baing  parforaad  with  Bora  coaplax  1-0  and 
2-0  transport  aodals. 


PULSED  INJECTION 

To  anhanca  tha  affactivanaas  of  biostiaulation,  it  was  dacidad  to 
introduca  tha  aathana  (priaary  substrata)  and  oxygan  (alaetron  accaptor) 
as  altamating,  tiaad  pulsas.  This  dacisicn  was  raachad  basad  upon 
considaration  of  two  crucial  raguiraaants:  1)  tha  naad  to  avoid  clogging 
of  tha  injaction  wall  and  borahola  intarfaca,  and  2)  tha  naad  to  achiava 
as  unifora  a  distribution  of  aicrobial  growth  as  possibla  throughout  a 
substantial  portion  of  tha  aguifar.  Pailura  to  fulfill  tha  first 
raguiraaant  would  causa  loss  of  hydraulic  capacity  and  praaatura 
taraination  of  our  axpariaants,  as  tha  drastic  chanical  aaasuras  such  as 
chlorination  or  strong  acid  treataant  that  ara  custoaarily  aaployed  to 
rajuvanata  cloggad  walls  would  intarfara  with  biostiaulation.  Failura 
to  satisfy  *ha  sacond  raguiraaant  would  laad  to  conditions  of  axtraaaly 
high  aicrobial  dansitias  near  tha  Injaction  point  and  low  bactarial 
populations  alscwhars,  which  would  not  bs  conduciva  to  sacondary 
substrata  utilization  as  naadad  to  dagrada  haloganatad  aliphatic 
cospounds  by  aathanotrophs.  It  was  thought  that  introducing  tha  two 
essential  additives,  aathana  and  oxygan,  as  altamating  tiaad  pulsas 
would  assurs  thalr  separation  in  the  injaction  wall  and  borahola,  thus 
discouraging  biological  growth  in  tr.at  critical  region.  Tha  aathana  and 
oxygan  would  than  aix  gradually,  owing  to  the  action  of  hydrodynaaic 
dispersion  and  associated  aixing  procassas,  during  transport  through  the 
aguifar,  stiaulating  tha  growth  of  aathanotrophic  bacteria  over  the  zona 
in  which  aixing  occurs.  In  designing  tha  pulsed  injection  system,  two 
important  variables  had  to  ba  salactad;  1)  tha  ratio  of  the  individual 
pulsas  of  aathana  and  oxygan,  and  2)  tha  overall  pulse  length. 

Tha  ratio  of  tha  individual  pulsas  of  aathana  and  oxygen  can  be 
astiaatad  approximately  froa  knowledge  of  tha  stoichioaatry  of  aathana 
oxidation.  Tha  oxygan  raguiraaant  for  coaplata  oxidation  of  aathana  is 
2  aolas  oxygan  par  sola  aathana,  which  corresponds  to  a  aass  ratio  of  4 
g  O.  par  g  aathana.  In  choosing  tha  pulse  lengths,  tha  concentrations 
achlavad  by  tha  saturation  coluans  for  oxygan  and  aathana  also  must  ba 
taken  into  account. 

Tha  overall  pulso  length  was  evaluated  by  employing  a  transport 
aodel  that  incorporates  a  periodic  input  (Valocchi  and  Roberts,  19S3). 
Tha  fora  of  periodic  input  that  corrasponds  aost  closely  to  tha  case  of 
altamating  inputs  of  aathana  and  oxygan  is  tha  rectangular  pulsa,  or 
saw-toothad  wave.  Tha  modal  of  Valocchi  and  Roberts  (1983)  takas  into 
account  tha  affects  of  advaction,  diaparsion,  and  sorption  on  transport 


and  nixing  of  ractangular  pulaaa  under  condition!  of  unifom  flow. 
Altiiough  t?ie  situation  at  the  Moffatt  field  site  certainly  differs 
appreciably  from  the  sinple  case  of  uniform  flow  in  a  honogeneous 
madiua,  bhe  model  conputations  based  on  the  idealized  case  are 
instructive  in  exploring  the  effects  of  pulse  length  on  mixing,  and 
serve  as  a  point  of  departure  for  experimental  design. 

In  tlie  absence  of  reaction,  the  normalized  amplitude  ratio  is  the 
most  convenient  measure  of  the  degree  to  which  the  pulses  remain 
saparated  during  transport,  or  conversely  the  degree  to  which  mixing  has 
occurred.  The  amplitude  ratio  is  the  ratio  of  observed  magnitude  of 
concentration  fluctuations  measured  at  an  obsorvation  a  distance  X 
removed  from  the  injection  point  to  the  magnitude  of  the  fluctuations 
measured  at  the  injection  point.  The  amplitude  ratio  varies  from  zero 
to  unity:  a  value  near  unity  meane  that  concentration  fluctuations  are 
danped  nearly  completely,  and  signifies  virtually  complete  mixing  over 
the  distance  traversed,  whereas  a  value  near  zero  implies  negligible 
mixing. 

Model  computations  were  conducted  under  conditions  simulating  those 
at  the  Moffett  site.  The  important  variables  were  the  Integral 
distance,  x;  the  pore  water  velocity,  u;  and  the  Peclet  Number  for 
dispersion,  Pe.  The  values  for  the  simulation  ware  chosen  as  x  >  1  m, 
u  -  0.12  m/h,  and  Pe  >  5  (dimensionless),  to  correspond  to  the  results  at 
the  nearest  observation,  SI,  based  on  the  results  of  the  early  tracer 
tests.,  i.e.,  the  dissolved  oxygen  breakthrough  in  the  initial  stages  of 
the  Tracer4  set.  The  computation's  results  (Figure  16}  indicated  that 
substantial  mixing  over  a  transport  distance  of  1  m  (the  distance  from 
SI  to  SI)  would  be  attained  using  a  pulse  length  on  the  order  of  several 
hours,  and  that  pxilse  lengths  on  the  order  of  several  tens  of  hours 
would  prevent  adeguate  mixing  prior  to  the  first  observation  well. 


Figure  16.  Comparison  of  predicted  and  observed  effects  of  dissolved 
oxygen  pulsing 
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To  test  th*  modal,  toward  tha  and  of  tha  fracar  5  axparimant  tha 
diasolvad  oxygen  injection  waa  awitchad  to  an  on/off  mode,  with  pulaa 
lengths  choaan  to  apan  tha  range  ot  potential  choicaa  for  experimental 
operation,  i.a.,  laaa  than  one  hour  to  12  houra.  Tha  obaarved  valuaa 
arm  abovn  in  rigwa  16  aa  open  circlea. 

The  obaarvationa  ahow  qualitatively  tha  kind  of  trend  pradictad  by 
the  model:  with  abort  pulaea  (<l  hour).,  the  mixing  ia  complete  within 
the  firat  matar,  but,  an  the  pulaa  period  is  increaaad  beyond  a  critical 
value  of  aavaral  houra,  auhstantial  concentration  fluctuations  begin  to 
appear  at  tha  obaarvation  wall,  indicating  that  mixing  is  lass  than 
cosplata.  Tha  prediction  doae  not  agree  quantitatively  with  tha  data, 
as  tha  onset  of  substantial  observed  concentration  fluctuations  occurs 
at  a  lower  critical  value  of  tha  pulse  period.  Indeed,  tha  value  of  the 
Far  let  Kumber  must  be  chosen  as  100,  rather  than  tha  observed  value  of 
5,  to  simulate  the  pulsing  data  satisfactorily.  These  deviations  may 
well  be  caused  by  deviations  from  the  model  assumptions  of  uniform  flow 
in  a  homogeneous  medium.  Nonetheless,  the  qualitative  agreement  between 
predicted  and  measured  valuaa  for  the  effect  of  pulsing  was  deemed 
adequate  as  a  framework  for  experimental  design  of  tha  biostimulation 
phase. 
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SECTIOK  8 


BIOSTIMDIATION  AND  BIOTRANSFOSMATION  EXPERIMENTS 


Th«  blostiaulatlon  and  biotranaforaatlon  axpariaanta  in  ttaa  1986 
flald  Maaacn  vara  conducted  in  two  stages.  First,  the  test  xona  was 
bioatlaulared  by  the  pulse  injection  of  aethane  a^  oxygen  into  the  test 
zone.  After  the  zone  had  b^.en  successfully  stiaulated,  TCE  was 
continuously  Injected  as  previously  discussed. 

Figure  17  shows  the  Injection  systaa  used  in  the  biostiaulation  and 
biodegradation  experiaents.  The  systea  uses  two  cisunter-current  colinnns 
to  sorb  the  aethane  and  oxygen  to  approxiaately  80  percent  saturation, 


Figure  17.  Scheaatic  of  the  injection  systea  used  in  the  bi jstiaulation 
and  biodegradation  experiaents. 
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rasultlng  in  concantratlons  that  ara  a^roxiaataly  20  ag/1  tor  CH.  and 
32  Bg/1  for  DO.  Thaaa  aoJutlona  ara  altamataly  pulaad,  with  u  pulaa 
tiaa  ratio  of  about  2:i  (nathana:oxygan) ,  baaed  on  the  atoichiosatric 
raguiraaanta .  A  pulaa  tiaer  paraits  tha  ratio  and  tha  langth  of  tha 
pulaaa  to  ba  varied.  Tha  other  coaponanta  of  the  injection  ayatea 
parait  tha  accurate  and  continuoua  addition  of  the  broaida  tracer  and 
TC£  into  tha  injection  atraaa,  tha  aonitoring  of  tha  injection  rates, 
and  tha  aaapling  of  tha  injection  fluid,  while  aaintaining  a  conatant 
rata  of  injection. 


BIOSTIHUIATION  ZXPEJUMENT 


Tha  bioatiaulation  axpariaant  waa  parforaed  under  aaaa  induced  flow 
conditions  aa  tha  aarliar  tracer  teats.  Tha  pulaa  cycle  for  tha 
injection  of  either  aethena  or  oxygen  containing  groundwater  was  varied 
during  tha  course  of  tha  axpariaant,  froa  lass  than  1  hr  during  start¬ 
up  to  anaura  tha  pulsing  would  not  intarfara  with  growth,  to  a  12  hr 
period  during  tha  later  atagaa  to  distribute  growth  in  tha  test  sona. 

Ko  additional  nutrients  ware  added  to  tha  groundwater. 

figure  18  shows  tha  dissolved  oxygen  concentration  as  a  function  of 
tiaa  at  tha  three  observation  walls  and  tha  extraction  wall.  Tha 
eonsuaption  of  oxygan  increases  with  tiaa,  indicating  tha  stiaulation  of 
a  aicrobial  population.  During  tha  initial  stages  of  tha  axpariaant 
(0-50  hrs)  there  is  little  evidence  of  oxygen  eonsuaption.  Tha  aaxiaua 
DO  concentrations  of  19,  17,  and  14  ag/l  at  walls  51,  52,  and  S3, 
raspactivaly,  result  froa  the  coabinad  affects  of  tha  pulsed  injection 
of  DO  water  and  dilution  by  tha  native  groundwater.  At  this  stage  of 
the  axpariaant,  tha  aicrobial  population  in  tha  test  zone  was 
sufficiently  low  so  that  tha  DO  eonsuaption  was  not  obsarvabla. 


figure  18.  DO  response  during  the  bioatiaulation  axpariaant 


Tha  first  signs  of  consumption  vsra  oPssrvsd  in  extraction  well 
and  tha  S3  observation  wall  after  approximately  200  hrs  of  injection. 

The  concentration  at  the  extraction  well  decreased  below  tha  detection 
limit  after  300  hrs  of  injection.  Owing  to  tha  continuous  removal  by 
microorganisms,  the  decrease  in  DO  was  greater  the  longer  the  travel 
paths  through  the  aquifer.  As  time  proceeds,  the  increase  in  the  growth 
of  microbial  population  throughoxit  the  test  zone  results  in  an  increase 
in  the  DO  consumption  along  the  flow  path. 

Tha  methane  response  was  similar  to  that  observed  for  tha  DO,  %rhich 
is  expected,  as  methane  is  the  electron  donor  and  oxygen  tha  electron 
acceptor  for  microbial  growth.  Figure  19  shows  the  response  of  the 
methane  and  DO  at  the  S2  observation  well.  The  fairly  rapid  decrease  in 
the  methane  concentration  over  the  period  of  200  to  400  hrs  Indicates 
fairly  rapid  growth  kinetics  typical  of  aerobic  microorganisms.  A 
significant  amount  of  methane  substrate  is  also  incorporated  into  calls. 
Based  on  the  concentration  values  during  the  period  of  350  -  375  hrs, 
tha  ratio  of  oxygen  to  Mthane  consumed  was  2.25  mg  O-/  mg  CH, ,  which 
is  significantly  lower  than  the  ratio  of  4  required  for  complete 
oxidation.  The  lower  value  suggests  incorporation  of  tha  methane 
aubstrata  into  tha  cell  mass,  with  a  yield  coefficient  of  approximately 
0.5  '.g  calls  per  mg  CH,,  in  the  range  values  for  methane-utilizing 
bacteria  reported  by  Anthony  (1977). 


BIOSTIMUUTION  EXPERIMENT 


MSTMMC  AM  00  eOX  SS 


Figure  19.  The  response  of  methane  and  DO  at  tha  S2  observation  wall 
during  the  biostimulation  of  tha  test  zona. 

After  450  hrs  of  Injection,  the  methane  concentration  at  the  S2 
observation  wall  decreased  below  the  detection  limit,  indicating  that 
the  microbial  mass  was  increasing  near  ttje  injection  well.  The  pulse 
cycles  were  therefore  lengthened  to  12  hrs  in  order  to  prevent 
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biofouling  n««r  tha  vallbor*.  /igur*  20  anowi  th*  rssponaa  sf  tha 
ayataa  to  tha  pulalng  at  tha  S2  ofasarvatlon  vail.  PaaX  satbana  valuaa 
ara  shown  tc  Incraaaa  froa  balov  detaction  to  approxiaataly  Iag/1,  as  a 
rssult  of  tha  longsr  pulsa  duration.  Paak  aathana  concentrations  are 
noted  to  occur  when  ainiaua  DO  concantrations  are  obsarvad,  which  is 
anticipatad  based  on  transport  theory. 

Long  pulsa  cycles  were  continued  throughout  the  biostiaulation  and 
biodegradation  expariaants,  with  durations  ranging  froa  6  brs  to  12 
hra.  Based  on  continued  aethana  breakthrough  at  the  observation 
walls,  tha  pulsing  is  baliaved  to  have  helped  to  distribute  tha 
aicrobial  population  in  tha  test  xonm  and  prevented  biofouling  of  the 
aguifar. 


PULSED  BIOSTIMULATION 

wrtMAM  ««  DC  wni  as 


Pigura  20.  The  effect  of  long  tera  pulsing  of  DO  and  aathana  on  tha 
msponsa  at  the  S2  obsesvation  well. 

Tbs  biostiaulation  axpariaent  deaonstratad  that  wathanwoxidizing 
bacteria  could  be  successfully  established  in  tha  teat  zona.  No 
additional  nutrients  were  rsguirad  to  stiaulata  growth.  Tbs  transiant 
aathana  and  00  rasponsss  indicated  that  a  population  was  stinulatad 
which  grew  elosar  to  tha  injection  well  with  tiaa.  The  response 
indicataw  that  aicroorganisms  have  fairly  rapid  growth  kinetics,  typical 
of  aerobic  organisas.  Thus,  pulsing  was  rsguirad  to  distribute  the 
growth  in  tha  tast  zone  and  to  prevent  biofouling  of  the  aquifer. 


I 
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BlOTRANSrORHXTION  EXPERIMENTS 

Blotransformatlon  •xparlnanta  war*  p*rfijm*d  after  th*  teat  zon* 
was  blostisrulat*d.  TCE  was  continuously  injected  over  a  three  sonth 
period.  During  th*  initial  stages  TCE  was  injected  at  an  average 
concentration  of  100  ug/1.  During  th*  later  stages,  the  concentration 
was  lowered  to  60  ug/1.  Methane  and  orygcji  (no  nutrientr*  were 
continuously  pulse— injected  during  this  period  to  support  th*  aethans- 
ojcidizing  nicroorgaalaas  which  had  bean  biostiaolated. 

During  th*  initial  phase  of  th*  experiaent,  th*  TCE  concentration* 
slowly  approached  steady-state  values.  The  noraalized  breakthrough* 
are  presented  in  Pigura  21.  Th*  response  at  th*  i.1  wall  is  vary 
slailar  to  that  observed  in  th*  Tracers  experiaent,  shown  ii.  Figure  11. 
Both  experiaent*  show  fractional  breakthroughs  of  approxiaately  60 
percent  of  th*  injection  concentration  after  100-150  hr*  of  injection. 
Th*  siailar  response  indicates  that  little  degradation  of  TCE  was 
ocCTrrinq  in  the  biostiaulated  zone,  within  1  aster  froa  th*  injection 
well.  This  is  further  supported  by  th*  long  tera  steady-state  values 
of  80  percent  of  th*  injected  concentration  that  are  obtained  after 
400  hr*  of  injection. 


Figure  21.  Noraalized  breakthrough  of  TCE  at  observation  locations 
during  th*  initial  stag*  of  the  biotransforaation 
experiaent. 

The  breakthrough  at  the  E2  observation  well  indicate*  that  soaa 
degradation  was  occurring  during  th*  early  stages  of  TCE 
addition.  In  the  pseudo  control  experiaent  (Tracers) ,  the  TCE  reached 
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arproxinataly  30  percent  of  the  injected  concentr&tion  at  the  S2  wall 
after  100  hrs  of  addition,  while  in  the  hioati&ulation  experinwnt  the 
concentration  reached  only  20  percent.  The  early  breakthrough  results 
indicated  that  degradation  nay  be  as  high  as  30  percent. 

Conparisons  of  juss  balances  of  the  aaount  injected  end  extracted  in 
the  two  experiments  also  suggests  sobs  degree  of  degradation  was 
occurring  during  thu  early  stages  of  the  biodegradation  experiment.  In 
the  Tracers  experiment;  2.24  g  of  TC£  were  injected  over  a  338  hrs 
period,  of  which  0.9  g  were  recovered  over  ths  same  period,  representing 
s  racovexry  of  39  percent  at  the  extraction  vail.  In  the  biotrans- 
foraatlon  experiment,  2.09  g  of  TC£  were  injected  over  a  347  hr  period, 
of  which  0.53  g  were  recovered  in  the  extracted  water,  representing  a 
recovery  of  25  percent.  The  11  percent  lower  recovery,  or  35  percent  on 
a  relative  basis,  indicates  that  partial  degradation  occurred. 

Toward  the  end  of  the  biotransforaation  experiment,  the  TCZ 
injection  concentration  was  lowered  from  100  to  60  ug/l,  to  ensure  that 
no  sorptive  losses  of  TCZ  onto  ths  aquifer  solids  would  occur  S'^d  that 
maximum  eteadytftate  concantrationt  were  being  achieved.  This  permitted 
an  estimation  of  the  degree  of  degradation  based  on  the  steady-state 
concentrations  of  TCZ  compared  to  bromide,  a  non-reactive  conservative 
tracer. 

Figure  22  shows  bromide  tracer  results  during  a  period  when  TCZ 
concentrations  were  at  steady-state  (Figure  23).  The  fractional 
breakthroughs  of  bromide  are  shown  to  be  significantly  higher  than 
thos^  obtained  by  TCZ.  This  comparison  indicates  that  the  lover 
normalized  concentration  of  TCZ  results  from  degradation. 


Figure  22.  Normalized  bromide  tracer  response  during  a  steady-state 
period  of  the  TCZ  biotransfermation  experiment. 


riqura  34.  S 

tlaa 
and  3 


A*  csncaatratlons  of  TCA  daxing  tbla  staadyoiitata  phis*  of  th* 
•xp«riB*nt  *r«  pr«sant*d  in  rigura  24,  pcraittlng  conparison  wirh  th* 
TCE  rasults.  TCA  is  prassi'.t  as  a  background  contaalnant,  as  indicat^f. 
by  tha  attraction  wall  concantration  which  has  an  avarag*  concantration 
of  65  ug/1.  Tha  concantration*  in  tha  injactad  fluid  and  at  tha  SI  and 
S2  Bonitoring  walls  ara  assantially  aqual  with  avaraga  valuas  of  55.6, 
53.3  and  55,3  ug/1,  rsspactivaly.  Idttla  biotranaforaation  of  TCA 
occurrad  during  transport  through  tha  tast  ton*.  Aftir  normalizing  for 
th*  dagra*  of  Biting  of  th*  injactad  fluid  with  th*  nativs  fluid,  ovar 
95%  of  tha  astiaatad  TCA  ccncannration  uas  obsarvad  at  tha  SI  and  S2 
Bonitoring  locations. 
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figur*  35.  Istimatad  TCZ  biotransforBition  basad  on  coaparisons  with 
broalda  as  a  consarvativ*  tracar. 


rlgura  35  raprasants  a  mvaa»i.y  of  thssa  axparlaants,  whir*  th* 
fractional  braakthrougha  of  TC£  ralativa  to  broaid*  ion  (TCT/Sr)  at 
tha  obsarvatlon  walls  ara  coaparad.  Tha  ratios  rang*  froB  70  parcant  to 
ao  parcant,  indicating  a  aaxisua  dagxaa  of  dagradation  of  30  parcant. 
Dagridatlon  is  notad  to  occur  in  tha  araa  of  th*  tast  sons  in  which 
aathano  is  prasnnt  to  support  tha  aathana-oxidlzing  bactarla.  In  tha 
araa  batwaan  S3-S3  and  tha  axtraction  wall,  no  aathan*  is  prasant  to 
support  th*  bactarla,  and  accordingly  no  additional  dagradation  of  TCZ 
ia  obaarvad. 
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Th*  degree  of  degradation  indicated  in  this  experiment  is  consistent 
with  the  earlier  results,  conducted  approximately  100  days  earlier. 

This  suggests  that  the  extent  of  degradation  did  not  increase  with  time. 
Thus,  accliaaticn  to  TCZ,  resulting  in  an  enhancement  in 
biodegradation,  was  rot  observed  in  the  experimental  period  of  100  days. 

The  different  methods  of  assessing  the  degree  of  degradation 
including  mass  balances,  comparison  of  TC£  breakthrough  concentrations 
with  the  pseudo  control  experiment,  and  comparisons  with  bromide 
concentrations  at  steady-state  within  an  experiment  —  yield  similar 
estimates  of  the  degree  of  TC£  degradation  in  the  test  sons.  The 
degree  of  degradation  is  in  the  range  of  20  to  30%.  The  results 
demonstrate  that,  if  sufficient  care  is  taXen  in  obtaining  the 
experimental  data,  qua:itltative  evidence  of  degradation  can  be  obtained 
in  a  real  aquifar  situation. 


Dlacussion 

Tha  degree  of  TC£  tranaformation  observed  in  the  test  tone  during 
the  first  field  season  is  less  than  complete,  and  i:idead  barely  witliin 
our  ability  to  reach  quantitative  conclusions.  Several  factors  may  have 
contributed  to  the  limited  degree  of  transformation: 

1}  low  solubility  of  methxna  and  oxygen  in  water  limits  tha  TC£- 
dagrading  microbial  population  which  can  be  atimulatad  undar 
saturatad  conditions. 

2)  methane  end  TCZ  compete  for  tha  methane  monooxygenaea  entyme, 
such  that  tha  presanca  of  methane  can  Inhibit  TCS  dagradation. 

3)  the  high  dev^ree  of  chlorine  aubstitution  in  tha  TCZ  solacula 
leads  bo  a  relatively  low  rate  of  aerobic  degradation,  relative 
to  the  rate  of  methane  utilisation. 

4)  extended  acclimation  to  TCZ  is  required  before  degradation 
begins  to  occur  at  a  rapid  rats. 

5)  minor  nutrients  are  required  for  effective  degradation. 

6)  tha  bacteria  that  were  stimilated  were  not  of  tha  type 
that  effectively  degrades  TCZ. 

7)  tha  sorption  of  TCZ  onto  the  aquifer  solids  effects  tha  rata  of 
transformation. 

The  first  three  fervors  appear  to  be  most  imporcant,  based  on 
the  reeulte  of  other  etudias.  In  tha  experiments  of  Wilson  end  Wilson 
(1965)  discussed  earlier,  an  unsaturstad  medium  was  exposed  to  a 
constant  atmosphere  of  about  O.S%  aethena.  A  constant  flux  of  methane 
was  available  to  deralop  a  high  microbial  population  cf  mathena- 
oxidlzing  bacteria.  The  population,  however,  developed  under 
conditions  of  low  methane  concentrations  in  solution  due  to  the  low 
partial  pressure  of  methane  in  the  gee  phase.  Thus,  tha  competition 
between  methane  and  TCZ  for  tha  methane  monooxygeneaa  enzyme  was 
limited.  In  these  experimanta,  the  high  microbial  population  and  thn 
lacX  at  inhibition  may  have  resulted  in  the  high  deg^raa  of  degradstion 
achieved. 


Based  on  several  experlaental  studies,  tfllson  end  White  (1986) 
developed  en  esiplricel  correlation  vteiett  relates  the  degree  of  TC£ 
transforaation  to  the  aaount  of  aatharM  consuaed.  Based  on  their 
•'orrelat^on.-  •  In  Tr»*  -"'••'•ntration  of  35  sercent  is  predicted 

when  6  ag/1  of  aethane  is  consuasd,  the  aaount  present  in  the 
biostiaulatioa  experiaants.  The  estiaata  is  in  good  agreaaent  with  the 
field  results  and  indicates  that  the  degradation  is  liaited  by  the 
aaount  of  aethane  and  oxygen  which  can  be  delivered  under  naturatsd 
conditions. 

TCE  Bay  have  slow  degradation  kinetics,  owing  to  Its  high  degree  of 
substitution  by  chlorine.  Studies  of  Toqtl  »t  al.  (1986)  and  Henson  at 
al.  (1987)  indicate  increasingly  rapid  diaappsarance  of  chlorinated 
aliphatlcs  with  decreasing  degree  of  chlorine  substitution.  Recsntly 
Vog^  at  al.  (1987),  and  KeCarty  (1987)  indicated  that  the  rats  of 
dsgradation  under  aerobic  or  anaerobic  conditions  is  related  to  the 
degree  of  oxidation  of  the  coapound.  Vogel  at  al.  (1987)  indicate  tha^., 
based  on  the  available  data,  the  rata  of  oxidation  is  higher  for 
compounds  containing  fswer  chlorine  atoas  per  carbon  atom,  while  for 
anaerobic  co  dltions  the  reverse  is  true.  Thus  vinyl  chloride  and  DCH 
would  be  expected  to  degrade  faster  than  TCE  or  PCX.  Also,  the  lack  of 
degradation  of  TCA  is  consistent  with  the  laboratory  results  of  Henson 
et  al.  (1987),  as  well  as  with  the  arguaants  of  Vogel  at  al.  (1987). 

Insufficient  data  are  available  to  deteraine  if  accliMtion  to  TCE 
is  reguirsd  to  achieve  effective  degradation.  The  test  rone  was  not 
previously  contaminated  with  TCE.  The  test  zone  was  contaminated  with 
TCA,  however,  for  which  no  degradation  was  c'^aarved.  The  results 
indicate  that  the  rate  of  degradation  is  zere  highly  d«<pendent  on 
structure  than  aeeliaation.  TCE  dsgradati  .n  has  been  observed  in  the 
laboratory  cultures  Isolated  from  sediments  not  exposed  to  TCE.  Whether 
a  previous  exposure  to  the  chamical  of  interest  has  an  offset  on  the 
rate  of  transformation  is  not  clear  at  the  present  time. 

Not  enough  is  currently  )cnovn  about  the  final  three  possibilities 
listed  above  to  determine  their  relative  importance.  Research  work  is 
currently  being  performed  in  our  laboratory  and  elsewhere  to  gain  a 
better  understanding  of  how  importantly  these  factors  may  offset  the 
rate  of  degradation  of  TCE  by  aethane-utilizing  aixed  cultures  of 
bacteris. 

The  results  indicate  that  the  degradation  resulted  from  the 
stimulation  of  aethane-utilizing  bacteria,  which  promoted  TCE 
transformation.  Another  possible  explanation  is  that  the  TCE  was 
degraded  anaerobically  through  the  creation  of  anaerobic  aicrozonss 
resulting  froa  the  decrease  of  DO  concentration  with  biostimulation. 
However,  anaerobic  degradation  is  considered  unlikely  owing  to  the 
presence  of  high  nitrate  concentrations  (90  sg/I)  thzxiughout  the  test 
sons  during  the  biotransformation  experiments.  Bouwer  and  McCarty 
(1983,  1983)  found  1,1,1-TCA  to  be  degraded  under  aethanogenic 
conditions  but  not  under  denitrification  conditions.  Based  on 
the  rstical  considerations  presented  by  Vogel  at  al.  (1987)  TCE  should 
behave  similarly  with  little  degradation  under  denitrification 
conditions.  2f  aefhanogsnic  conditions  existed,  transforaation  of 
1,1,1-TCA  as  wall  as  TCE  should  be  observed  (Vogel  at  al.  1987).  There, 
however,  was  no  evidence  of  biotransformation  of  1,1,1-  TCA  in  the  field 
axperlaent. 


ELDTION  or  TCZ  FROM  THE  TEST  ZONE 


Aftar  tha  first  phasa  of  tha  bioatiaulation  axpariaant  was 
cosplatad,  TCE  In j action  was  tarmlnatad,  and  tha  TCE  raaainlng  In  tha 
tast  zona  vaa  alutad  by  continuing  to  axtract  at  tha  saaa  flow  rata  as 
bafora  (8  1/ain) .  Mathana  and  oxygan  addition  was  also  stoppad  and  tha 
In j action  wall  was  usad  as  a  aonltcrlng  location.  Flgura  26  prasants 
tha  Bonitoring  data  ovar  tha  2400  hour  parlod  during  which  *hls  purging 
oparation  was  contlnuad;  tha  gradual  dacraasa  in  TCE  eoncr  .Orations  at 
tha  obaarvation  valla  and  in  tha  axtracted  watar  Is  aacily  aaan.  During 
tha  alutlon  parlod,  SO  to  100  pora  voluaas  of  watar  passad  through  tha 
tast  zona,  rasultlng  In  eoneantratlon  dacraasas  by  a  factor  of  5  to  20. 


Flgura  26.  Elution  of  TCZ  froa  tha  taat  zona  undar  Inducad  flow 

conditions  aftar  stopping  blostlaulatlcn  and  TCZ  addition. 


A  aass  balanca  for  TCZ  ovar  tha  coursa  of  tha  TCZ  blostlaulatlon 
axparlaant  shows  that  of  tha  total  10.1  g  that  wars  Injaetsd  during  tha 
coursa  of  this  axparlaant,  4.5  g  wars  racovarsd  In  tha  watar  puapad  froa 
tha  axtractlon  wall,  raprasantlng  a  rscovary  of  4S  pareant.  During  this 
saaa  ovarall  parlod,  65  pareant  of  tha  bronids  tracer  was  racovarsd. 

Tha  lowar  rscovary  of  TCE  supports  tha  crncluslon  that  25  to  30  pareant 
of  tha  In j acted  TCZ  was  dagradad,  consistent  with  cur  Interpretation  of 
the  Bonitoring  wall  data  shown  In  Figure  25. 
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Submitted  for  publication  in  Proceedings  of  the  International  Conference  on 
Physiochemlcal  and  Biological  Detoxification  of  Hazardous  Wastes,  held  in 
Atlantic  City,  New  Jersey  in  May  of  1988. 


INTERNATIONAL  CONFERENCE  ON  PHYSIOCHEMICAL  AND  BIOLOGICAL 
DETOXIFICATION  OF  HAZARDOUS  WASTES 

Session  on  Research  Needs* 


Introduction 

This  session  was  held  at  the  International  Conference  on 
Physiochemical  and  Biological  Detoxification  of  Hazardous  Hastes 
on  Hay  4,  1988  in  Atlantic  City,  New  Jersey.  Discussion,  subject 
~f  this  section  of  the  Conference  Proceedings,  followed  fonsal 
papers  presented  by  John  C.  Crittenden,  C.P.  Leslie  Grady,  Jr. 
and  Richard  G.  Luthy.  Drafts  of  questions  and  panelist-response 
were  circulated  to  the  panelists  for  potential  revision,  the 
oaterial  was  then  edited  by  the  Session  Chairman  and  circulated 
to  the  panelists  for  their  further  consideration  before  being 
edited  and  submitted  for  publication  as  part  of  the  Conference 
Proceedings. 


Discussion  by:  James  V.  Basilico,  Office  of  Research  and 

Development,  U.S.  Environmental  Protection  Agency, 
Washington,  D.  C.  20460 

Or.  Luthy *8  work  is  extremely  important  and  could  play  a  big  role 
in  Superfund  groundwater  cleanup  which  has  been  for  the  most  part 
conducted  without  the  benefit  of  the  kinetic  information  he  is 
working  on.  About  40%  of  the  cleanup  decisions  at  Superfund 
sites  involved  pump  and  treat  technology  based  on  a  predicted 
duration  of  up  to  five  years.  However,  failure  to  understand  the 
processes  controlling  contaminant  transport  can  result  in 
extremely  long  pumping  periods  and  costly  and  inefficient 
remediation.  Annual  operating  and  maintenance  costs  of  a  few 
hundred  thousand  to  a  few  million  dollars  stretched  over  five 
years  or  more  is  considerable.  Our  research  at  the  Ada 
Groundwater  Research  Lab  suggests  that  groundwater  remediation 
decisions  would  benefit  from  the  type  of  information  being  sought 
by  Dr.  Luthy.  We  need  to  consider  absorption/desorption  data  in 
designing  our  acjuifer  remedial  actions  correlated  with  the  soil 
type  and  carbon  content.  Research  on  these  topics  could  have  a 
major  economic  impact  on  the  way  we  clean  up  groundwater.  The 
results  are  needed  now. 


*  Session  Chairman  was  Edvard  H.  Bryan,  Ph.O.,  Program  Director 
for  Environmental  Engineering,  National  Science  Foundation, 
Washington,  D.  C.  20550.  Opinions  expressed  are  those  of  the 
participants  and  do  not  constitute  an  official  position  of  the 
National  Science  Foundation  or  any  other  Federal  agency. 


Regarding  Dr.  Grady's  comprehensive  presentation,  one  of  the  more 
important  things  that  I  see  needed  is  a  standard  data  base. 
Perhaps  a  clearing  house  needs  to  be  established  to  collect  and 
collate  information  on  research  under  way  in  toxics  in  hazardous 
waste  treatability.  Acceleration  of  research  over  the  past  five 
years  has  not  been  matched  by  an  ability  to  store  and  retrieve 
the  results.  Perhaps  a  center  such  as  the  one  at  the  New  Jersey 
Institute  of  Technology  could  form  a  planning  committee  that 
would  develop  a  protocol  for  reporting  the  types  of  information 
suggested  by  Dr.  Grady. 

Regarding  Dr.  Grady's  suggestion  for  research  on  staged  reactor 
systems  with  different  microbial  communities,  I  feel  that  sludge 
digestion  is  an  excellent  candidate  for  potential  improvement 
over  the  way  we've  been  doing  it  for  the  past  50  years.  The 
objective  would  be  to  reduce  the  amount  of  residual  organic 
solids  from  504  to  perhaps  as  little  as  5%  through  use  of  multi¬ 
stage  biological  reactors.  This  would  have  a  tremendous  effect 
on  sludge  disposal  options  and  cost. 


Discussion  by:  Dr.  J.  K.  Bewtra,  Dept,  of  Civil  Engineering 

University  of  Windsor,  Windsor  N9B  3P4,  Canada 

Several  points  that  complement  the  valuable  suggestions  already 
made  include  the  concept  described  by  the  word  "toxicity".  It  is 
very  important  that  we  all  understand  what  we  mean  by  toxicity 
and  what  we  mean  by  toxic  waste.  Are  all  hazardous  wastes  toxic? 
If  they  are  toxic,  are  they  toxic  to  fish,  aquatic  life  or  to 
humans  by  the  process  of  biocumulation?  Do  toxic  substances  have 
threshold  values?  Are  we  only  interested  in  the  toxicity  to  a 
particular  biological  process  or  intermediate  products  toxic 
during  biological  degradation?  Both  Drs.  Luthy  and  Grady 
discussed  thoroughly  this  aspect  of  toxicity  anu  Dr.  Crittenden 
rightly  suggested  that  we  should  not  tolerate  cross-media 
transfer  of  pollutants. 

Regarding  the  use  of  the  terms  removal,  reduction,  treatment, 
detoxification,  and  now  destruction,  it  is  important  that  they  be 
understood  and  used  properly.  For  example,  in  the  sedimentation 
process,  there  is  a  physical  separation  of  toxic  metals  from  the 
liquid  but  they  are  concentrated  in  the  sludge.  And  in  the  air 
stripping  process  mentioned  earlier,  the  volatile  organic 
compounds  are  being  transferred  from  one  phase  to  another.  As 
far  as  the  total  environment  is  concerned,  we  still  have  the  same 
amount  of  these  toxics  present  but  they  become  concentrated  in 
the  sludge  or  in  the  eir.  While  they  may  be  considered  to  have 
been  removed,  they  have  actually  only  been  separated.  I  agree 
with  the  point  made  by  a  previous  speaker  that  we  should  aim  for 
complete  destruction  of  toxics  rather  than  simply  achieve  their 
separation.  Dr.  Crittenden's  paper  on  removal  of  volatile 
organics  using  activated  carbon,  leaves  open  the  question 
regarding  regeneration  of  the  carbon,  that  is  whether  more  toxics 
are  produced  or  libercited  to  the  environment  during  regeneration. 
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Finally,  we  should  determine  the  behavior,  the  impact  and  the 
environmental  fate  of  all  new  synthetic  chemicals  before  using 
them.  By  that,  I  mean  that  we  should  have  an  extensive  data 
base,  as  was  suggested  by  Or.  Grady  on  the  environmental  behavior 
of  any  new  synthetic  organic  chemical  proposed  for  use.  Then,  a 
standard  procedure  should  be  established  to  euialyze  the  data  as  a 
step  toward  understanding  their  significance  and  leading  toward  a 
common  understanding  of  what  is  actually  happening.  We  went 
through  a  similar  experience  on  a  smaller  scale  in  the  sixties 
when  we  found  that  the  hard  detergents  were  accumulating  in  the 
environment.  This  led  to  a  procedure  for  defining  and  testing 
detergents  for  biedegradability  and  eventual  displacement  of  the 
hard  by  soft  detergents  in  the  market  place.  Of  course,  ve  ended 
up  with  the  even  bigger  problem  of  phosphate  pollution.  I 
believe  it  is  time  that  we  come  up  with  standard  procedures  for 
testing  the  environmental  impacts  of  synthetic  organic  chemicals. 


Discussion  by:  Dr.  Leonard  Dauerman,  Dept,  of  Chemical 

Engineering,  New  Jersey  Institute  of  Technology, 
Newark,  NJ  07102 

At  the  request  of  the  industrial  sponsors,  no  papers  have  been 
presented  at  this  conference  on  our  research  leading  to 
development  of  a  comprehensive  hazardous  waste  treatment 
technology  based  on  the  application  of  low-powered  density 
microwave  radiation  because  patent  applications  are  being  filed. 

I  view  the  remediation  of  hazardous  waste  sites  from  the 
perspective  of  the  chemical  engineer,  scaling  up  a  process.  This 
is  the  perspective  that  industry  will  be  forced  to  follow  as  the 
BCKA  amendments  and  SARA  superfund  legislation  are  implemented. 
Excavation  and  capping  will  be  the  routes  of  last  resort. 

On-site  remediation  should  follow  the  usual  process  by  which  a 
chemical  process  is  scaled  up  involving  contacts  with  process  and 
eqfuipment  vendors  with  concepts  that  appear  to  be  promising. 

After  consideration  of  alternatives,  the  engineer  decides  which 
method  is  optimal  and  recommends  its  implementation. 

We  have  to  view  the  process  of  on-site  remediation  as  a  series  of 
unit  operations.  I  believe  that  research  must  be  tied  closely  to 
implementation.  Mature  bench  scale  technologies  should  be 
Federally  financed.  Samples  from  remediation  sites  should  be 
sent  to  vendors  to  determine  the  optimal  combination  of  processes 
to  bring  about  the  desired  result.  This  approach  would  be 
superior  to  the  present  approach,  which  X  think  Is  anachronistic, 
that  is,  placing  one  technology  on  a  very  complex  remediation 
site  that  requires  a  combination  of  many  different  unit 
operations  and  expecting  it  to  be  a  "cure-all”. 

I  also  believe  that,  after  this  initial  step,  utilization  will 
determine  the  value  of  particular  technology,  with  the 
marketplace  determining  its  ultimate  success  or  failure.  In 
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other  words,  the  narket  should  deternina  whether  or  not  the 
research  and  the  technology  should  continue.  Research  without 
rapid  implementation  will  sour  the  funding  agencies,  industry  and 
the  public  on  the  value  of  hazardous  waste  research.  After  30 
years  in  research,  I  have  seen  many  research  programs  die  from 
lack  of  drive  to  utilize  the  results  or  determine  its 
applicability. 

I  am  currently  endeavoring  to  set  up  a  pilot  plan  with  the  Toxic 
Waste  Institute  involving  concept  evaluation  by  use  of  pilot 
plants.  We  expect  to  implement  this  within  the  next  few  months 
on  our  microwave  technology  which  will  also  be  made  available  for 
testing  the  applicability  of  technology-specific  problems,  the 
idea  being  to  determine  whether  the  concept  works  or  doesn't 
work. 


Discussion  by:  Dr.  Joseph  D.  Rosen,  Dept,  of  Food  Science, 

Rutgers,  the  State  University,  Hew  Brunswick,  New 
Jersey  08930 

The  speakers  made  excellent  presentations  and  exhibited  wisdom 
touching  on  subjects  for  which  we  have  good  examples.  Dr. 
Crittenden  made  a  plea  for  determining  material  balance  and  the 
toxicity  of  the  materials  that  are  being  formed  in  the  various 
processes  that  we  are  devising.  We  have  recently  done  a  photo¬ 
oxidation  of  benzopyrene.  In  many  cases,  photo-oxidation  and 
metabolism  give  the  same  products. 

Many  of  the  compounds  that  we're  trying  to  get  rid  of  are 
carcinogens  because  they  go  through  a  metabolic  oxidative 
process.  Similarly,  photochemical  oxidatirn  sometimes  results  in 
production  of  carcinogenic  material.  In  the  case  of  benzopyrene, 
compounds  are  produced  that  are  closely  related  to  the  exrremely 
mutagenic  benzopyrene  diol  epoxide.  Since  GC/MS  cannot  identify 
materials  that  are  so  polar,  newer  techniques  such  as  LC/HS  and 
HS/KS  will  have  to  be  used. 

Dr.  Grady  also  touched  upon  something  which  is  impoirtant. .  .that 
we  should  not  judge  detoxification  solely  by  evolution  of  carbon 
dioxide.  In  our  experience,  the  polar  mutagenic  photo-oxidation 
products  were  bound  to  the  soil  very  strongly  and  were 
affectively  removed. 


Discussion  by:  John  Glaser,  U.S.  Environmental  Protection  Agency, 
Hazardous  Waste  Engineering  Research  Laboratory, 
Cincinnati,  Ohio  45268 

My  reaction  to  the  issues  being  considered  at  this  conference  is 
that  conventional  wisdom  cannot  always  be  applied  to  many  of  the 
problems  because  the  problems  are  not  conventional,  and  the 
wisdom  base  needed  is  non-existent  at  this  stage  of  development 
pointing  basically  to  the  complexity  of  the  overall  problem  of 
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both  soil  and  liquid  remediation  at  hazardous  waste  sites. 
Throughout  this  conference  I've  observed  a  "model  mentality" 
being  developed,  that  is,  a  philosophy  that  can  be  characterized 
as  being  myopic  with  respect  to  the  specifics  of  a  model  under 
consideration  and  ignoring  the  depths  of  knowledge  available  from 
other  disciplines  such  as  microbial  ecology.  Communication 
linkages  between  engineers,  ecologists  and  microbiologists  need 
to  be  strengthened. 

A  data  base  is  certainly  quite  important  co  the  overall 
considerations  of  this  effort.  However,  one  of  the  problems  that 
I  see  with  a  data  base  is  that  we  too  often  look  specifically  at 
single  compound  correlations  and  then  extend  those  to  rather 
complex  mixtures  that  we  encounter  as  waste  in  the  environment. 
Obviously,  there's  a  lack  of  predictive  capability  in  that  type 
of  extrapolation. 


Regarding  Dr.  Luthy's  paper,  I  tjuestion  the  possibility  of 
adsorption  on  dead  biomass  that  nay  be  developed  during  the 
experimentation.  Work  done  by  Jim  Blacksburg  some  years  ago 
studied  that  issue  with  specific  references  to  activated  sludge 
systems. 

Other  speakers  at  this  session  raised  the  idea  of  loss  of 
identity  of  the  target  substrate  and  that's  clearly  insufficient 
for  the  overall  detoxification  purposes.  We  need  a  greater 
interrelation  between  those  practicing  and  developing  treatment 
technology  with  those  people  specifically  more  knowledgeable  in 
toxicological  testing.  Wu  are  developing  a  program  to  include  a 
very  close  relationship  with  our  human  toxicology  people  in  the 
evaluation  of  processes. 

Research  needs  exist  in  utilizing  soil  as  a  treatment  medium,  in 
determining  how  to  deal  with  persistent  environmental 
contaminants  such  as  the  PCB's  and  in  combining  physical, 
chemical  and  biological  processes  into  a  responsive  system.  A 
single  system  may  not  be  completely  adequate  for  all  the  waRtes 
that  we  have  to  face.  An  overall  strategy  for  attacking  wastes 
is  obviously  something  that  we  need. 

Regarding  new  organism  discovery  and  study,  we've  considered  the 
possibility  of  having  some  form  of  a  depository  but  we're  nom 
willing  to  go  too  far  down  the  line  at  this  time  except  to  note 
that  it  certainly  makes  some  good  sense.  Problems  that  are 
affecting  the  overall  output  of  work  in  this  area  include  the 
concept  of  intellectual  rights  that  are  most  commonly-defined  as 
patents.  It's  fairly  clear  that  the  patenting  activity  in  this 
area  will  increase  with  time. 


One  area  that  we  that  we've  had  problems  with  is  permit 
restrictions.  ERA  has  to  face  the  very  same  permit  restrictions 
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One  other  point  that  I'd  like  to  make  in  closing  is  to  tell  you, 
that  within  the  agency  we  do  have  a  new  research  program  called 
the  Biosystem  Technology  Development  Program,  basically  funded 
from  the  Office  of  Research  and  Development  which  is  currently 
exploring  bringing  together  six  different  OR&D  laboratories  to 
use  their  resources  to  develop  these  kinds  of  technologies  to 
answer  the  kind  of  problems  that  we're  about  today. 


Discussion  by:  Wayne  G.  Landis,  U.  S.  Army  Chemical  Research 

Development,  Engineering  Center,  Aberdeen  Proving 
Grounds,  Maryland. 

Dr.  Grady  suggested  we  place  more  emphasis  on  microbial  ecclogy- 
the  interactions  and  symbiosis  that  occurs  in  the  competition 
between  types  of  oz-ganisms.  It's  been  mentioned  that  sometimes 
the  detoxified  effluent  is  mutagenic.  Well,  sure,  because  these 
organisms  are  in  there  trying  to  live  and  could  care  less  about 
what  we  put  them  in  for.  One  of  the  requirements  for  an  organis 
to  live  is  that  it  can  compete  with  its  fellow  organisms.  And  s 
a  lot  of  organisms  produce  halogenated  organic  compounds.  It's 
not  surprising  t  lat  some  of  those  find  their  ways  into  effluent. 

Questions  we  have  may  be  basic  microbial  population  genetics  as 
to  why  some  organisms  can  degrade  material  where  apparently  an 
identical  organism  somewhere  else  can  not.  It  may  just  be 
missing  a  certain  part  of  the  gene,  a  certain  plasmid  which  isn' 
there  yet.  So  a  lot  of  this  may  just  simply  be  microbial 
population  genetics.  And  compared  to  those  that  you  find  for 
droposphila  and  other  organisms,  we  really  haven't  done  a  whole 
lot  with  respect  to  the  population  of  genetics  of  microbial 
organisms. 

We  tend  to  be  really  procaryotic  chauvinists  -  tending  to  only 
deal  with  the  heterotrophs .  Other  organisms  that  may  be  used 
include  the  photosynthetic  bacteria,  ti.4  eucarotic 
microorganisms,  the  fungi,  yeasts  and  protozoa.  There  are  lots 
of  organisms  that  are  microscopic  with  an  amazing  array  of 
metabolite  capabilities,  which  we  almost  never  consider  using. 

So  far  today,  all  we've  really  talked  about  are  microorganisms. 
Microorganisms  have  inside  of  them  enzyme  systems  which  could  be 
a  lot  more  efficient  if  they  were  removed  immobilized  and  placed 
on  a  substrate...  a  bioreactor  made  of  the  enzymes,  using  enzyme 
not  necessarily  native  to  bacteria.  The  concept  of  using 
immobilized  enzymes  in  a  biorcator  that  is  not  limited  to  using 
enzymes  from  bacteria. 

If  we  understand  how  detoxification  occurs,  we  could  possibly 
manufacture  the  ecpiivalent,  an  organic  catalyst  that  is  not  an 
enzyme  and  which  could  cost  much  less.  There  are  already 
examples  of  this  called  the  "moss  reagents"  that  are  capable  of 
detoxifying  organophosphatas  by  mimicking  the  activity  of  enzyme 
that  break  down  organophosphatas.  Their  activity  is  not  as 


spectacular  as  enzymes,  but  their  Bolecular ‘^-aight  is  only  200. 
They  are  coapact,  inexpensive  and  easily  made. 

While  aentioned  previously,  I  eophasire  the  need  to  examine  the 
effects  of  our  treated  wastes  on  the  receiving  environment  not 
just  human  health.  This  would  include  the  remainder  of  the 
original  waste  stream  components  and  the  metabolic  byproducts  of 
the  treatment  system.  Finally,  we  need  to  consider  the 
possibility  of  in  situ  degradation  of  hazardous  substances  as  an 
alternative  to  removing  them  from  their  environmental  location, 
treating  them,  returning  them  or  placing  them  someplace  else.  In 
order  to  do  that  ,  we're  really  going  to  have  to  understand 
microbial  ecology. 


Discussion  by:  Michael  M.  Martinson,  BioTrol,  Inc. 

Chaska,  Minnesota  55318 

Our  basic  research  supported  by  EFA  on  the  biodegradation  of 
pentachlorophenol  required  expertise  in  toxicity  bioassay  to 
determine  the  fate  of  the  toxicant  in  the  natural  aimatic 
environment;  chemistrv  to  understand  the  chemical  rations  that 
affect  tne  fate  of  the  toxicant  and  intermediates  ■  rughout  the 
natural  ecosystem;  chemical  engineering  processes  1.  • 

photolyses,  volatilization,  adsorption  and  absorption?  biological 
transformations;  and  microbiology  to  assess  the  impact  of  the 
microbial  ecology  and  the  species  diversity. 

This  study  allowed  some  very  important  observations  of  what's 
happening  to  a  toxicant  In  an  effluent  or  In  a  bioreactor.  He 
found  novttl  bacteria  that  were  capable  of  using  pentachlorphenols 
as  a  sole  carbon  source.  We  then  tried  some  simple  experiments 
to  determine  if  the  bacteria  Isolated  from  the  natural 
environment  could  cause  the  disappearance  of  the  added  toxicant 
ai.d  to  obtain  an  understanding  of  the  mechanisms  Involved 
Including  the  enzymology  and  the  biochemical  pathway.  This  work, 
conducted  at  the  University  of  Minnesota  led  to  potential 
covniarclallzatlon  of  the  concept.  How,  there  Is  a  more 
widespread  approval  and  acceptance  of  biological  systems  which 
means  that  it  will  not  be  necessary  to  conduct  similar  prolonged 
studies  to  understand  best  how  to  use  biological  systems,  what 
products  are  going  to  be  produced,  and  how  we  characterize  the 
effluent. 


Discussion  by;  Dr.  A1  M.  Bourquln,  Vice  President,  Ecova 

Corporation,  3820  159th  Avenue  N.E.,  Redmond, 
Washington  98052 

Whenever  any  type  of  remediation  is  proposed,  the  p\ibllo  has  a 
"right  to  know"  what  is  proposed  and  how  health  and  the 
environment  will  be  protected.  This  is  usually  done  in  a  public 
hearing.  Ecova  has  been  involved  in  public  hearings  on 
blorsmadiation  and  for  the  most  part,  the  public  has  bean  very 


much  in  favor  of  biological  treatment.  In  fact,  in  cme  case, 
when  the  alternative  was  incineration,  the  public  was  far  a  :>re 
favorable  towards  biodegradation  relating  that  process  to 
familiar  systems  in  treatment  of  sewage  and  processing  of  food 
products . 

I've  had  considerable  experience  with  biotechnology  risk 
assessment  program  in  EPA.  Here,  again,  I  think  the  problem  is 
primarily  one  of  public  perception  as  compared  to  significant 
environmental  risks.  A  review  of  what  actions  EPA  has  taken 
indicates  the  agency  has  approved  for  release  almost  every 
genetically  altered  organism  that's  come  to  them.  That  release, 
however,  has  been  stopped  in  most  cases  at  a  local  level 
princip^iilly  because  of  a  lack  of  proper  information  ge-cting  to 
the  public.  It  is  very  important  to  address  the  general  public 
with  facts  and  to  prevent  the  use  of  scare  tactics  by  opponenrs. 
We  could  divert  all  the  funds  for  biological  treatment  system 
development  into  defining  all  the  possible  intermediates  of  all 
possible  organic  chemicals  and  never  progress  any  further  than  we 
are  now  in  environmental  clear.up. 

Regarding  metabolic  intermediates,  we  must  rely  on  existing 
information  of  microbial  metabolism  to  tell  us  what  to  expect  in 
breakdown  products  from  many  chemicals.  Surely  we  don't  need  to 
redevelop  all  the  basic  biochemistry  of  the  last  20  years. 

Current  emphasis  on  microbial  genetics  is  beginning  to  better 
define  functionally  processes  in  microbial  ecosystems.  Knowledge 
of  microbial  physiology  can  provide  the  basis  for  prediction  of 
metabolites  produced,  accumulated  byproducts  or  residual 
toxicity.  However,  based  on  my  experience  in  fate-tasting  of 
pesticides,  I  suggest  we  not  put  undue  emphasis  on  tlie  potential 
byproducts  or  toxic  byproducts  that  night  be  developed  by 
biological  processes. 

rne  of  thvj  things  that  has  really  hampered  biorenediation  from 
moving  forward  is  the  claim  that  "anything  can  be  degraded."  It 
really  is  important  that  we  base  remediation  concepts  on 
scientific  principles,  integrating  chemical,  physical  and 
biological  procesoas.  Thera  are  compounds  that  are  resistant  to 
biodegradation  that  may  require  physical  and  chemical  approaches. 
Comments  on  research  needs  include  an  observation  that  most  of 
our  design  and  control  techniques  are  based  on  steady  state 
analysis  of  the  process  while  the  actual  conditions  involve 
variability  of  the  input,  suggesting  that  research  be  directed 
toward  process  control  with  variable  input,  measurement 
techniques  and  use  of  statistics  to  determine  the  extent  of 
detoxification. 


General  Discussion: 

Panelists  then  responded  to  questions  and  issues  that  were 
brought  to  their  attention  by  session  participants. 
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Basilico  responded  to  coiaments  about  the  need  for  research  to 
develop  irstruaentation  by  noting  the  large  fraction  of  Superfund 
funds  now  being  used  to  make  measurements  that  need  to  be 
conducted  in  l^lboratorles  at  high  cost.  He  noted  the  current 
emphasis  in  the  £PA  Las  Vegas  Laboratory  is  on  devices  to  conduct 
on-site,  in  situ  measurements  based  on  use  of  fiber  optic 
sensors. 

In  response  to  a  question  xegardlng  instrumentation  based  on  use 
of  biosensors  analogous  to  those  used  in  medical  laboratories 
sensing  presence  of  a  ■polyclonal  monoclone  antibody,"  Luthy 
indicatad  that  "there  is  a  problem  in  tijat  most  immuno-chemical 
techniques  are  robust  only  for  molecules  that  are  structurally  or 
chemically  complax.  They  work  for  pentachlorophenol  but  not  for 
benzene.  The  simpler  the  molecula  the  less  specific  the 
technj.que  with  fiald  samples.  Xmmuno-chemical  assays  work  best 
in  well-defined,  invariant  matrices.  There  is  usually  a  lack  of 
specificity  with  the  environmental  samples  compared  to  controlled 
tests  in  the  laboratory. 

Responding  to  a  question  relating  to  the  offset  between 
absorption  and  adsorption  isotherms,  Luthy  identified  and 
characterized  the  soil  with  which  he  worked  as  "undisturbed, 
subhumid  grasslcnd  soil  of  the  Bames-Hamerly  association  from 
Cass  County,  North  Dakota,  obtained  by  W.S.  Oahnke  at  the 
Agricultural  Experiment  Station,  North  Dakota  State  University. 
The  organic  content  was  2.9%  by  weight." 

In  response  to  a  comment  asking  that  a  "modem  glossary  or 
thesaurus"  be  developed  in  the  toxic  waste  treatment  field, 
another  participant  suggested  utilizing  services  of  professional 
organizations  like  the  American  Society  for  Testing  of  Materials 
and  the  National  Sanitation  Foundation  for  developing  a  suitable 
glossary  and  sat  of  definitions. 

General  discussion  rsgarding  the  ability  to  conduct  remedial 
actions  without  necessarily  being  able  to  precisely  describe  all 
metabolic  products  and  by  products  led  to  comments  by  Lewis  that 
relate  this  to  the  utility  of  fermentation  before  understanding 
the  couplets  phyaiological  process  involved  in  this  reaction. 

Panelist  responss  Included  sn  observation  that  the  application  of 
a  concept  for  remediation  in  absence  of  complete  knowledge 
regarding  products  and  byproducts  carries  with  it  an  implicit 
judgement  of  risk,  a  topic  of  interest  to  parsons  in  the  field  of 
ecological  toxicology.  Absence  of  knowledge  and  the  burden  cf  an 
assumption  of  the  risk  associated  with  decisions  to  use  a 
particular  concept  or  process  for  remediation  is  what  tends  to 
make  persons  "overcautious"  when  making  those  decisions. 

Another  comment  about  remediation  in  liquid  media  versus  soil  led 
to  observation  that  the  latter  are  likely  to  be  "far  more 
complex"  with  the  problem  not  being  as  "straightforward"  for  soil 
remediation  as  it  is  in  liquid  media. 


Eric  Ivan  from  the  Departaent  of  Environoental  Engineering  at  the 
Technical  University  in  Dennark  e::pressed  concern  regarding  a 
total  lack  of  quality  guidelines  for  hazardous  waste  contaminated 
soils,  indicating  with  respect  to  European  practice  what  he 
characterized  as  "complete  confusion,"  leading  to  a  lot  of 
unnecessary  things  where  people  are  transporting  contaminated 
soil  to  other  areas  and  putting  it  on  dumps.  And  a  lot  of 
unnecessary  things  are  done  simply  more  for  psychological 
reasons."  His  question  regarding  the  "American  position"  on 
quality  standards  for  hazardous  waste  and  hazardous  contaminated 
soil  and  research  to  sat  then  up  stimulated  discussion  by 
panelists  centering  around  the  question:  How  clean  is  clean?  The 
census  of  response  was  that  this  really  isn't  the  correct 
question  to  be  asked.  The  level  of  safety  essentially  having  to 
be  related  to  the  proximity  of  the  contained  soil  to  persons 
potentially  at  risk,  giving  due  consideration  to  potential 
biopathways  by  which  the  contaminants  could  exert  their 
deleterious  effects  vhich  is  the  domain  of  the  "ecologist 
toxicologist"  and  involves  persons  knowledgeable  in  risk 
assessment. 

Discussion  then  turned  to  leachate  treatment  from  hazardous  waste 
disposal  sites  and  the  concept  of  "terminal  destruction,"  e.  g. 
high  temperature  incineration  for  recalcitrant  organic 
substances.  Personnel  from  the  U.  S.  Environmental  Protection 
Agency's  laboratory  in  Cincinnati  described  elementr  of  the 
extensive  incineration  research  and  development  program  underway 
there,  calling  attention  to  papers  that  had  been  presented 
previously  at  this  conference,  especially  by  Bishop. 

Pignatello  from  the  Connecticut  Agricultural  Station  commented 
about  the  long-term  persistence  of  compounds  that  are  low  in 
molecular  weight  like  carbon  tetrachloride,  trichloroethylene 
and  ethylene  dibromide,  the  latter  persisting  "...in  soil  for 
many,  many  years..."  and  suggested  that  we  need  to  examine 
carefully  our  analytical  techniques  for  environmental  surveys  as 
well  and  methods  for  removal  of  compounds  from  contaminated  soil. 

Discussion  then  returned  to  biological  methods,  public  reaction 
to  remediation  procedures  and  their  right  to  access  information 
relevant  to  the  decision  -  making  process.  Adams  of  Monsanto 
made  a  plea  for  "credibility"  with  regard  to  claiu  made  with 
respect  to  what  can  and  cannot  be  achieved  through  tise  of 
biological  processes. 

Adele  Bucklaiy  with  Solarchem  in  Toronto,  Canada  concluded  the 
session  with  a  plea  for  considering  photo-oxidation  along  with 
biological  detoxification  and  incineration  suggesting  that  photo¬ 
oxidation  is  being  advanced  as  the  secret  method  of  the  future, 
"but... in  fact  is  a  viable  method  immediately." 
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Mr.  Brian  J.  Hausknechc 
Naval  Energy  and  Environmental 
Support  Activity 

Ms.  Hary  Lingua 

Naval  Civil  Engineering  Laboratory 

Mr.  James  McN  bb 
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Fuels  Subgroup 

Dr.  John  Armstrong 

Dr.  Mick  Arthur 
Bactelle  Laboratories 
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Or.  Susan  Landon-Amold 
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Dr.  Gaylen  Brubaker 

Dr.  Rob  Binchee 
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Dr.  Ronald  Hoeppel 

Naval  Civil  Engineering  Laboratory 

Mr.  Henry  Kerfoot 
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Dr.  Martin  Relnhard 
Stanford  University 
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Utah  State  University 

Dr.  Kick  Watts 

Unl/erslty  of  Nevada  at  Reno 
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Dr.  Alex  Iskander 
USA  CRREL 

Mr.  Walter  Mlkuckl 
USA  CERL 

Dr.  Nate  Ravis 

Oak  Ridge  Research  Institute 

Dr.  Sachlo  Yimamoto 
Naval  Ocean  Systems  Csnter 
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Dr.  DitK.  Jjrowr 
Grc-jtidvater  Techi.olcgy,  Inc. 

Dr.  D.  B.  Chan 

Kaval  Civil  Encjincerlng  Laboratory 

Dr.  H.  G,  .lonbovv'iv.ette 

n-.i-'var.’lty  of  r^iiojiata  at  Los  Angeles 

ur.  Gaorge  FlcVvelL 
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